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OF UNFAVOURABLE ATMOSPHERIC : CONDITIONS 


ON A TRACKING TASK- 
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(From the Medical Research Council Applied Psychology Unit, Cambridge) 


ermine the extent to which the performance of a 
VASE 5 i simulated tropical environmental conditions, 
pursuit paring this effect with that of loading the control handle with weights. The 
the сапога used was similar to that used by Mackworth (1948) when he showed that 
Was th uracy of performance was reduced under tropical conditions. The score of error 
arbitr: e total angular separation between the target and follower pointers expressed in 
80° and units. It was found that as the room temperature was raised from approximately 
leere, on the Effective Temperature sca! 
30 Ib e A ed was also obtained by increasing the load on the con А 
highe; here were also indications that the effect of room temperature Was greater with 
rhandleloads. The effect on performance was not correlated with rectal tempetature 


or wi 
With the amount of weight lost. 


са ae experiment was made to det 
ing task was adversely influenced by 


I 

Pre INTRODUCTION 
inus experiments in the Cambridge hot-room, and elsewhere, have shown 
26 T a variety of different tasks, performance becomes less good as the temperature 
со m is raised above about 85°. The tasks in which this deterioration has 
repeti ound have included visual and auditory vigilance (Mackworth, 1950), rapid 
и poe highly-learned tasks such as the reception of telegraphy (Mackworth, 1946), 
Work he setting and decoding of messages оп а mock-up coding board, purely physical 
стаи using an ergograph, mental work, involved in the tracing of a hidden electrical 
cuit (unpublished), and a tracking task such as was used in the following experiment. 
мн these experiments deterioration in performance at higher temperatures has 
appr ound, to an extent which was statistically reliable, and in some cases an 
u one assessment of the degree of impairment was possible. For example, 
thane: k elegraphy experiment, the errors increased from an average of 3:2 per 1,000 
in sa €rs at 79° on the Effective Temperature scale, to 25°3 at 97°. The difficulty 
By ask mpting to measure the performance on synthetic tasks such as those provided 
dh ergograph, or the tracking task provided by the pursuitmeter in the following 
lor lies mainly in understanding the measuring scale. The proportion of 
i udine in telegraphy reception is а meaningful measure of performance, but 
one 1 a highly artificial task as tracking on а pursuitmeter, the score obtainable 
ur machines—merely the total angular displacement between the target pointer 
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and the subject’s pointer—is really only of value as a means of comparing one 
. condition with another. 

This present experiment is an attempt to give a little more meaning to the extent 
of deterioration of this tracking task, by comparing the effect of room temperature 
with that of loading the handle with known weights. 

А second purpose in the experiment was to find out whether there was ап 
appreciable difference in the effect of temperature when the load on the handle 
was varied, that is to say, to discover whether the effect of high temperatures was 
mainly on physical work, or on the more skilled side of tracking. 


II 
APPARATUS 


The pursuitmeter used in this experiment consisted of a display of two pointers, 
of white ivorine, about 3/16 in. x 1 in., with a bold central indicator line marked 
in black ink. These moved along an arc of radius about 8 in., and up to 3 in. in 
length, the upper being moved irregularly to and fro by an irregular cam operated 
by an electric gramophone motor, and the lower being operated by the subject by 
a horizontal handle 2 ft. in length, which was moved up and down through a maximum 
distance of 18 in. On this handle lead weights could be hung, giving loads, as 
measured at the end held by the subjects, of 2, 8, 16, 24, 32 and 40 lb. The task 
was to follow the irregularly moving upper pointer with the lower, keeping the two 
in alignment. 

v III 

PROCEDURE 

Three such machines were used, and three subjects tested at a time. There 
were four groups of subjects, and each performed the test four times, once at each 
of four room temperatures, which were 85°/75°, 90°/80°, 95°/85°, 100°/g0° (° Е. dry 
ЪШЬ/ Е. wet bulb), the air velocity being approximately roo ft. per minute. These 
four conditions were arranged with respect to subject group and to serial order 
(called “дауѕ”) in a Latin Square arrangement. . 

In any one day each subject did eighteen test spells, each of 3 minutes, which 
consisted of one spell on each machine with each of the six weights. Within this 
framework, conditions were randomized. ' 


IV 
SUBJECTS 
The twelve subjects were physically fit young Naval ratings, aged between 20 
and 23 years. They were "acclimatized" to hot-room conditions by spending 3 hours 
per day for the fortnight before the experiment in the hot-room, at a temperature 
of 100° Е. dry ЪШЬ/90° Е. wet bulb. They wore shorts only, while in the hot-room. 
Rectal temperatures were taken (4) on entering the hot-room, (b) after x hour 
of acclimatization and (c) on completion of the experiment. Fluid lost as sweat 
during each experiment was assessed by keeping a balance sheet of body weight to 
the nearest 5 gm. 
У 
SCORING 
The total angular separation, irrespective of sign, between the two pointers of 
each machine, which occurred during each 3-minute experimental spell, was recorded 
on a ratchet disc and taken as the error score for that spell. 
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VI 
RESULTS 


The experimental design enabled the five major sources of variation in the results 
obtained, to be separately evaluated; namely, that due to the use of different machines, 
that between subjects, the effect of practice, of room temperature conditions, and 
of handle load. Of these, only the last two are experimental variables of interest, 
and the purpose of separately evaluating the effects of the first three is to exclude 
the variance of these effects, and to prevent it from reducing the accuracy of the 
estimation of the effects of. room temperature and of handle load. They will not, 
therefore, be given here. 

Table I gives the total error scores obtained at each of the six degrees of handle 
load and of the four room temperature conditions. 


TABLE I 


Error Scores 


Handle Loading in lb. 


Room 
Temperature 2 8 16 24 32 40 Totals 
85/75 3,363 3,259 3,278 3,403 3,614 3,763 | 20,680 
90/80 3,388 3,314 3,362 3,492 3,734 3,862 | 21,152 
95/85 3,762 3,565 3,703 3,989 4,329 4,625 | 23,973 
100/90 3,644 3,588 3,680 3,938 4,030 4,436 23,316 
Totals 14,157 13,726 14,023 14,822 15,707 16,686 


(a) Effect of Room Temperature. 

The temperature totals in Table I show a marked increase of error score between 
room temperatures of 90?/80? and 95°/85°. The standard error of these total 
figures, taken from an analysis of variance, is 350, and thus this increase has a critical 
ratio of 8-06 and is highly significant, although the differences between the two 
lower temperatures and that between the two higher temperatures is not significant. 

This agrees very well with Mackworth's figure of 94/84 (° Е. dry bulb/wet bulb) 
as the point at which deterioration in performance with temperature becomes 
statistically reliable. A UN 

Ап approximate quantitative estimate of the degree of this deterioration can be 
made by taking the difference between the mean scores at the two lower and the two 
higher temperature conditions. This gives an increase of error Score, for an increase 
of ro? Е. in temperature, in the ratio I-I3. 


(b) Effect of Handle Load. 

The variance ratio of the error totals due to the several handle loads is 23:05, 
and the standard error of any one totalis 238. Thus the general trend of increase 
in error with load is significant, although the drop in error between loads of 2 lb. 
and of 8 Ib. is not so. This drop, however, is interesting in view of Hick's finding 
(Hick, 1946) that moderate frictional load, in a tracking experiment with crank 
handles, improved the accuracy of performance, presumably by providing an influence 
stabilising speed. In the present case a medium weight of 8 Ib. might improve 
performance by reducing rapid small correcting movements, which while not con- 
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tributing much to a truly integrated score, would be counted fully on a ratchet 
device which takes no account of duration of error. 

If the ratio 1-13 found between the scores obtained at the higher and lower 
temperatures is compared with the effects of handle load, it will be seen that this 
same ratio is obtained between the scores at loads of 8 and 30 1b., or between 16 and 
32 lb. Thus the effect on performance of increasing the room temperature from 
87/77 to 97/87, i.e. by ten degrees, is approximately the same as that of adding a 
further 20 Ib. weight to the load on the pursuitmeter handle. 


(c) Interaction of Load and Room Temperature. 


This experiment was designed to provide some evidence as to whether the effect 
of room temperature was greater with the heavier handles, or, to put it another way, 
whether the effect of handle load was greater at the higher temperatures. 

The figures in Table I show that this is the case, but the effect is rather hidden 
by the presence of erratic variation. In fact, the analysis of variance showed that 
the effect we are looking for, the weight versus temperature interaction, had a variance 
ratio of only 1-44, as compared with the weight versus temperature versus machine 
interaction, which is non-significant, representing а P of between 0-15 and 0:2. The 
effect can nevertheless be clearly shown by taking the ratio of the scores at the two 
higher temperatures to those at the lower two, at each value of weight separately. 
This gives the results shown in Table II; which show that the increase in error score 


TABLE II 
————————————————————————— 
Handle load, lb. .. - 2 8 16 24 32 40 
Score ratio .. $e ..| ruo 1:09 II I-15 14 1-19 


brought about by an increase in room temperature from about 80? on the Effective 
Temperature scale to 90° ЕЙ. is almost doubled by increasing the handle weight from 
2 to 40 lb. It is interesting to compare this with Mackworth's results (Mackworth, 
1950). Using the same apparatus he found that the effect of temperature was greater 
with 50 Ib. loaded upon the control handle than it was with the heavy handle removed, 
and the apparatus controlled by a light knob operated by one hand only. 


(d) Measurements of Body Temperatures and Weight Loss. & 


These measurements were taken as part of a longer-term-programme whose aim 
is, if possible, to correlate change in performance with the physiological effects of 
heat. As was to be expected, and as we have found in previous experiments in the 
Cambridge hot-room, both body temperature and weight loss showed, when averaged 
for all the subjects, a close relationship to room temperature. 


TABLE III 
CS 


Room Temperatures 


. 85/75 90/80 95/85 100/90 


Rise іп body temperature, ^F. .. 0-45 0:55 о-9 r2 
Loss of weight, gm. .. s 350 500 800 1,100 


| 
| 
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The relationship between temperature and weight loss and individual performance 
Scoresis, however, slight. Product moment correlations of the physiological measures, 
with the extent to which each individual's score on any one day differed from his own 
average, gave figures of y = 0-35, with rise in rectal temperature, and r = 0-15 with 
weightloss. Of these, only the first is statistically significant, and that only just so. 
The relationship between the individual physiological measures and actual perform- 
ance score, uncorrected in the above way, was still less. It is likely that, such as it is, 
this correlation is entirely due to the common factor of room temperature, and that: 
there is no direct relationship between performance and either body temperature 
or rate of sweating. Although the figures from this experiment are far from sufficient 
in themselves to decide this point, such repeated negative findings suggest that the 
deterioration in performance is related to room temperature via some mechanism 
which does not involve a change in such physiological conditions as body temperature 
or rate of sweating. 

УП 
THE SUBJECTS’ OPINIONS ` 


Between 2 and 5 days after the experiment ended, ten of the twelve subjects 
were asked to complete a simple questionnaire form, asking for their opinions about 
the temperature and weight conditions. Comparing these opinions with the results 
obtained, it is interesting that: 

(a) eight subjects preferred some weight on the handle to none; 


(b) the largest weight which it was thought could be controlled without increase 
in error was between 24 and 32 lb., whereas, in fact, 24 lb. produces an 
v increase in error; 

(c) eight subjects thought 90/80 was the highest room temperature they could 
tolerate without increase in error, the other two considered 95/85 was 
tolerable without decrease in accuracy. The majority vote in this case 
agrees with the numerical results very well. . 


VIII 

CONCLUSION 
[3 ^ The results of this experiment are in themselves insufficient to show the inter- 
p action of handle weight and room temperature to be statistically reliable, and thus 
Эу do not add any certainty to the inherent probability of such an effect. In 
providing a comparison between the effects of handle load and room temperature, 


however, the result of this experiment was satisfactory. 
The most interesting item of information gleaned from the questionnaire replies 
| is the confirmation that the addition of a small weight—about то lb.—to a control 
| handle of this type, does lead to some improvement in accuracy of tracking. 


IX 
3 SUMMARY OF RESULTS 

px) Earlier findings, that performance of the tracking task provided by the 

pursuitmeter was adversely affected by high environmental temperatures, were 
confirmed. 

(2) The magnitude of the effects of heat and of load are of the same order, and, . 

' im fact, the deterioration in accuracy between the two lowest and the two highest 

temperatures is equal to that between weight loads of 8 and 30 1Ь., i.e. an increase 


"n. cmm 
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of effective temperature from 80? to 9o? is equivalent to adding 20 Ib. load to the 
handle. 


(3) The results indicate that the effect of loading the handle is greater at higher 
room temperatures, but this effect is not statistically reliable in this experiment. 


(4) Rectal temperature and amount of weight lost in sweat show the expected 
relationship with room temperature, but the individual readings show no reliable 
correlation with performance. 


x 
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- with a vague and inconstant margin” (1896, I, p. 179). 


AMNESIA AND THE GENERIC IMAGE* 
BY 
O. L. ZANGWILL 


(From the Institute of Experimental Psychology, Oxford) 


It is pointed out that the fate of generic images has been studied little, if at all, in 
amnesias of organic origin. Observations are described in a case of alcoholic Korsakoff 
psychosis which appear to indicate that generic images are subject to Ribot's Law of 
Regression. The patient, a spinster of 57, with some talent for drawing, was asked to 
represent a number of objects, e.g. a woman dressed in the latest fashions, which might 
reasonably be regarded as "generic" in nature. These drawings suggested that the 
patient's generic images were, in some cases at least, appropriate to an earlier period of 
her personal history. In general, this ante-dating effect was in good correspondence 
with the scope of the retrograde amnesia. Some implications of these findings for the 


PSychological theory of memory are briefly discussed. 


I 
INTRODUCTION 


THE origin and nature of generic images were much discussed in the earlier systematic 
texts. “Ап image," wrote Stout, "is called generic when it possesses a distinct 
and salient centre or core corresponding to the common characters of a class, together 
In particular, the possible 
role of the generic image in the evolution of the concept aroused lively controversy. 
This problem, which was admirably discussed by William James (1890, II, рр. 45-50), 
need not concern us here, and it is sufficient to recall Ward's comment that “Тһе 
‘generality’ of the generic image differs from the true universality of the concept in 
that the former is the passive and accidental result of reduplication, the latter the 
product of definite and active comparison” (1918, р. x99). As regards the origin of 
the generic image in individual experience, it has commonly been held to arise from 
the blending or fusion of a large number of particular images of identical or related 
As is well known, this view gained considerable prestige as a result of 
Galton's studies of composite portraiture (1907, рр. 229-33). Itis highly doubtful, 
however, whether the parallel between the generic image and the composite photo- 
graph is as close as Galton supposed. In the first place, more recent studies (e.g. 
those of Katz, 1948) suggest that composite portraits are apt to acquire charac- 
teristics lacking in the typical generic image. And in the second place, it is now 
customary to regard recollection as displaying a more active character than is implied 
in Galton's treatment. At the same time few would disagree with Galton's dictum 
that the character of our generic (or *'cumulative") images depends, to а considerable 
extent at least, upon our nurture (1907, p. 192). 
The changes undergone by generic images in the course of life would repay closer 
study. It is evident, for instance, that the generic images which we entertain in 
childhood differ appreciably in content from those which we entertain in adult life. 
Further, our general image of a given individual (or class of individuals) undoubtedly 
changes in content as we ourselves grow older. If, further, it is agreed that the 
images in question depend on some kind of cumulative disposition, it might be 
* Based on a paper read to the Experimental Psychology Group on 20th July, 1947. 
“Wherever a single cause throws different groups of brain elements simultaneously 
ment, the result must be a blended memory."—Galton (1907, p. 229.) This 


content. 


into excite 
bwas written in 1879. 
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expected that they would show regressive changes in cases of organic amnesia 
associated with brain injury or disease. The purpose of the present paper is to 
report some observations in a case of Korsakoff's psychosis which appear to confirm 
this expectation. 

It has long been recognized that organic amnesia displays a retrograde (or 
retrogressive) tendency. This was formulated by Ribot under the title of the Jaw 
of regression (1885, pp. 121-2). In cases of diffuse brain disease, recent events are 
the first to be forgotten and, as the disease advances, the amnesia comes to embrace 
events lying further and further back in the patient's psychological history. In 
severe cases of Korsakoff's psychosis, it is usual to find a retrograde amnesia whose 
Scope embraces a very considerable proportion of the patient's life history. In 
'the examination of such cases, however, it has been customary to restrict inquiry 
to the patient's memory for events in his personal life. To the knowledge of the 
present writer, no investigator has attempted to study the fate of generic images in 
patients who have sustained prolonged retrograde ammesias. It is felt, therefore, 
that the present observations, slight as they are, warrant being placed on record. 


II 
OBSERVATIONS IN A CASE OF KORSAKOFF's PSYCHOSIS 


The observations now to be described were made in connection with a more 
. extensive investigation of amnesic syndromes undertaken in 1939-40 and interrupted 
by the war. The work was carried out at St. Ebba's Hospital, Epsom,* and at 
the Cambridge Psychological Laboratory. Some reference to the present case has 


already been made by the writer (Zangwill, 1941) ina paper on paramnesic phenomena 
in the Korsakoff state. 


The patient was a spinster, aged 57. On admission (June, 1939) she was confused, 
disoriented and grossly amnesic. She made frequent mistakes of identity and con- 
fabulated freely. She was in poor general health, with peripheral neuritis in both legs. 
The mental condition remained stationary for some six months, after which time a certain 
improvement was manifested. Orientation gradually returned and confabulations became 
rarer and less spontaneous. At the time our observations were made the patient was 
approximately oriented in all spheres, but displayed a gross defect of recent memory 
and a long, though somewhat ill-defined retrograde amnesia. The scope of the latter 
embraced at least ten years of the patient's life. Insight was just beginning to return, 
but the patient entirely failed to appreciate the full gravity of her memory defect. She 
showed the usual dullness and lack of spontaneity of the Korsakoff case. 

It was unfortunately not possible to obtain a full previous history in this case. It 
was ascertained, however, that the patient had had an ordinary elementary education 
and had then taken a full secretarial training course. She had worked for many years 
as a secretary with various firms, at one time holding a reasonably responsible clerical 
position in a bank. She had artistic and literary tastes, together with some slight talent 
for sketching. Intelligence as measured by tests indicated that the basic level was 
well above average, but there had been considerable deterioration of the standard organic 
type. By temperament, the patient was reserved and seclusive, but there were no 
indications of paranoid or obsessional features in the previous personality. 

The diagnosis was alcoholic Korsakoff psychosis, with polyneuritis. 


Analysis of Retrograde Amnesia.—In view of the fragmentary history it was 
impossible to reconstruct with any confidence the actual course of the patient’s 
life during the years preceding the onset of the psychosis. It appeared plain, however, 
that remote memory (i.e. for events of childhood and early adult life) was intact, 

* I wish to express my sincere gratitude to Dr. L. H. Wootton, formerly: Medical 


Superintendent, St. Ebba's Hog pital, for his kindness in permitting me to study this 
patient. : 
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although the chronology appeared somewhat confused. Outstanding events in the 
patient's personal life up to about the end of the 1914-18 war were accurately recalled, 
but there was marked uncertainty regarding her movements in the early post-war 
years. Amnesia appeared to be essentially complete for the fifteen years preceding 
the onset of the illness, but it was impossible to define its scope with complete 
conviction. 

The prolonged retrograde amnesia, and the lack of full insight into it, gave rise 
to characteristic distortions of judgment. Thus the patient consistently under- 
estimated her age by some 10 or 11 years despite the fact that she knew the actual 
year and could recall her year of birth. She was never fully convinced by arithmetical 
demonstration of her true age. She was also prone grossly to under-estimate the 
time that had elapsed since events had taken place which she was still able to recall. 
Thus she would regularly say that it was only 3 or 4 years since the Armistice. On 
the other hand, her knowledge of current events was not wholly at fault. Thus she 
believed that the present King was the "Duke of York" and she had some vague 
appreciation of the fact that the country was again at war with Germany. 

It was of some interest to inquire whether the patient had retained her knowledge of 
shorthand and some dictation tests were accordingly given. One sample of her work is 
| reporduced in Figure r. The text of this passage reads as follows: "She called upon 

every women's organization throughout the country to devote itself to war work. Women, 
she added, were not being fully employed in the war effort. For instance, there were 
no women on the management committee of the twenty-seven childrens' camps set 
up under the evacuation scheme, though there are many women with the necessary 
| managerial experience." Ап experienced stenographer to whom this sample was sub- 
: mitted reported as follows: “T should say that this was the work of a comparative beginner 


at shorthand, because many of the vowel sounds are put in which may later be left out 

fy in practice." Although it is possible that this feature indicates some regression to an 
earlier level of performance, it must be borne in mind that the patient had not been 

actively engaged in writing shorthand for some years. In any case, she had learnt 

| shorthand as a girl and could readily remember doing so. The case is not, therefore, 


parallel to that reported by Stern (1938, p. 252), in which the patient ''. . . could write 
Shorthand, which he had learned during the forgotten period, with undiminished skill.” 


FIGURE т 


g appeared to have undergone little or no 
gain access to. work which she had executed 


The patient's capacity for sketchin, 
1 of her fres-hand drawings was very much ' 


deterioration, but it was not possible to 
prior to her admission. The general leve 
above the average. 


10 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


Observations оп Generic Images.—A. number of simple tests were given with a 
view to sampling the patient's generic imagery. Some of the more important of 
these may be briefly described. : 


Test x.—The patient was asked to think of a woman such as she might see any 
day in the street outside her home. She was then asked to draw a woman such as 
the one she had just imagined. She was particularly asked to represent the latest 
fashion in dress which she could remember. One of her drawings, which is typical 
of many obtained under these conditions, is shown in Figure 2. Оп this Occasion, 
as on all others, the patient was entirely satisfied that the style of dress represented 
in the picture corresponded in all essentials with the latest style she could remember 
and that this represented the “latest fashion,” i.e. that of the year of her admission to 
hospital (1939). Тһе drawing shown in Figure 2 was submitted to a number of normal 
subjects of the same sex, and of approximately the same age, as.the patient, and the 
style of dress depicted was on no occasion said to be more recent than 1930. Indeed, 
most judges dated it somewhere between 1917 and 1924. 


FIGURE 2 


Test 2.—The patient, who was a Londoner, was asked first to visualize, and then 
to draw, a bus of the type habitually seen in London during the year preceding her 
admission to hospital. It was found that she would invariably draw a double-decker 
bus with an open top and alleged that all double-decker buses presented this appearance. 
It will be borne in mind that open-top buses were becoming obsolete in London 
in the late 1920's and were finally withdrawn from general circulation in the early 
1930's. One of the patient's drawings of a bus is shown in Figure 3. 


o 


‘evidence could be obtained in the present 
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FIGURE 3 


Various other tests of the same kind were given with broadly similar results. 
In general, it appeared that the patient's recollection of objects which had been 
subject to progressive change in fashion or design had undergone a regression in 


accordance with the scope of her amnesia. 


II 
DiscussioN 


It has long been appreciated that the Korsakoff patient regularly interprets his 
milieu in terms of an environment familiar to him at an earlier stage of his life. 
Although, in the present case, orientation was largely restored by the time the patient 
came under our observation, there can be little doubt that her outlook remained 
markedly influenced by the scope of the amnesia. Аз we have said, it appeared to 
her to be no more than 3 or 4 years since the end of the Great War and she con- 
sistently (and without conscious intention) under-estimated her age by at least 
то years. In much the same way it would appear that her generic images of classes 
of objects or individuals were, in some cases at least, appropriate to an earlier period 
of her personal history. She appeared unable to call up generic images built up 
within the previous то years and presumably based on the integration of more recent 
experiences. It is probable, too, that memory images of individuals displayed the 
same regressive character as those of more general content. Although no decisive 

case, observations on similar cases certainly 
point to this conclusion. In short, we may tentatively conclude that memory images, 
in their generic or "cumulative" aspects, are subject to the law of regression. — 

One may suggest that generic images in the normal individual are constructions 
based upon a large number of discrete past experiences. If we care, with Bartlett 


(1932), to employ the term schema to denote an active organization of related past 
experiences we may say that the generic image 15 а function of the schema operating 
^ t experiences contribute predominantly 


en masse. t it is plain that more recent exper ; t 
to he d the mos In the normal individual, indeed, recall of an earlier 
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and now out-dated fashion in dress or design is notoriously exacting. It is likely, 
therefore, that our patient, prior to the onset of her illness, would have found it 
extremely difficult to represent a woman in the fashions of 15 years before. One 
may suggest that, as an indirect consequence of the amnesia, there is a release of 
memory dispositions (or schemata) built up at an earlier period of life. Indeed, 
it has long been suggested that past experiences at the threshold of an amnesic gap 
in the patient’s personal memory exercise a prepotent influence in determining the 
content of disorientation. There is a type of fixation upon an earlier period in the 
patient's life (Meggendorfer, 1928). Regression in the content of generic images 
has, therefore, both a negative and a positive aspect. The negative aspect is repre- 
sented in the failure of recent memory; the positive aspect in the release of schemata 
normally superseded and held in check by the impact of current events. In con- 
sequence, the generic images evoked tend to be in keeping with an earlier era in the 
psychological history of the patient.* 

* The finding ‘that generic images are subject to retrograde amnesia may account 
for part, at least, of the bewilderment which Korsakoff cases typically display in their 


dealings with the environment. The confusion attendant upon a lack of correspondence 
between individual objects and the appropriate generic image may readily be imagined. 
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STUDIES IN SPACED AND MASSED LEARNIN 
Ш. PAIRED-ASSOCIATE AND SERIAL LEARNING 


BY 
J. С. TSAO 
(From the University of Hong Kong) 


An experiment on paired-associate learning was carried out to test Hovland’s prediction 
that spaced practice should be more advantageous than massed. if the order of presenting 
the pairs of nonsense syllables were fixed. 

In the results, spaced and massed practice showed little difference in learning efficiency. 
Hovland’s prediction was not confirmed. 

In a previous experiment of this series of studies it had been found that spaced practice 
was more efficient than massed in serial learning when syllables of “‘low-meaningfulness”’ 
value were used; but that there was little difference in efficiency between the two forms 
of distribution when “high-meaningfulness” syllables were used. The results of the two 
experiments naturally suggested that, as regards the relative efficiency of spaced and 
massed practice, paired-associate learning of low-meaningfulness syllables differed from 
serial learning of similar syllables, but matched serial learning of high-meaningfulness 
syllables. It seems justifiable to draw the conclusion that the relative efficiency of spaced 
and massed practice is different in paired-associate and serial learning, not because remote 
associations can be formed in the one case and по the other, as Hovland (19394, 19395) 
assumed; but because the organization of the material and the learning processes are 
different in the two forms of learning. 


I 
INTRODUCTION 


IN two experiments, Hovland (19394, 19396) found that reminiscence was very 
marked, and distributed practice was superior to massed practice in serial learning; 
but that this was not so in learning paired associates which were presented in a 
constantly changing order. Hovland explained the results by assuming that fewer 
remote associations could be formed with paired associates and that consequently 
there was less inhibition, and thus reminiscence effects and the advantage of spacing, 
both of which depended on the dissipation of inhibition during interpolated intervals, 
were naturally less conspicuous in paired-associate than in serial learning. He 
predicted that, if the order of presentation of the successive pairs was not varied, 
reminiscence effects and, by implication, the advantage of spaced practice, would be 
intermediate between his results and those in serial learning. 

McClelland (1942), and even Hovland (19392) himself, suspected that the absence 
of reminiscence and the small advantage of spacing in Hovland’s results might be 
due to the exposure time which was 2 seconds for each member of a pair. Neither 
Hovland nor McClelland found reminiscence at a 4-second rate of presentation. 
Hovland, however, thought that this result was unlikely, and McClelland did not 
subject his hypothesis to test. 

Hovland's prediction concerned the order of presentation, fixed or varied; and 
McClelland suspected the effects of 4- or 2-second exposure time. The “prediction” 
and the ‘“‘suspicion,” put together, lead to an interesting problem: if paired associates 
were learned with a 2-second exposure time for each pair and a fixed order of presenting 
the successive pairs, would spaced practice be much more efficient than massed, 
just as in seriallearning? In order to answer this question the present experiment 


was carried out. 
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II 
METHOD 
Material —Two lists of eleven pairs of nonsense syllables each were used. The 
syllables were selected from Hull's (1933) list; all of them were of ‘‘meaningfulness | 
value" from o to 5 on Hull's scale. To each list an additional pair was attached, | 
which served as an example. The two lists are as follows: 


LIF КОЈ LED HIJ 
кој LED 
WIB FOV BIW ZUD 
HAJ YUT vEF 20] 
JID УАК PIJ ТЕУ 
WOJ FEP MUJ VIP 4 
ин VOF WOF ZIK {а 
VAW KOY KEF HUJ H 
ZUX MIV YOJ VUK | 
FUP ВЕ] FAP YUF | 
VEP BUW РОВ MAF 
20% TIV TUJ УАВ | 
KEJ ZIB KIH MEV 
FOV s BIW | 
НА] УЕЕ 
лр PIJ Э, 
FEP VIP | i 
VOF WOF y 
VAW HUJ 
MIV Р VUK 
FUP FAP 
BUW MAF 
TIV TUJ 
KEJ MEV 


Subjects. —The subjects were twenty-four men, twenty of whom were R.A.F. 
personnel and four R.N. staff. None of them had any previous experience of learning 
nonsense syllables or knew the purpose of the study before or during the experiment. 


Procedure. —The general procedure was similar to that described in the first 
article of this series (Tsao, 194824). The same memory apparatus was used. The 
“example” pair of the first list was first exposed and explained to the subject; the 
eleven pairs followed the example. Each pair was exposed for 2 seconds with an 
interval of 1 second between each successive pair. The single syllables followed the 
eleventh pair, and the subject was asked, on seeing a single syllable, to pronounce 
the other one which had been paired with it. Ten trials were given of each list. 
The order of pairs and single syllables was the same throughout the experimen 
as shown in the lists given above. In spaced practice, a L-minute interval wa° 
interpolated between successive trials, during which the experimenter talked wit 
the subject on current events or other general topics. In massed learning the reading? 
were continuous. In order to balance practice effects and the influence of shifting 
from spaced to massed practice or vice versa, the learning of the two lists was arrange 
in such a way that each was learned, by different subjects, for an equal number 0 


wr in every possible situation in relation to each other and to the distribution of 
practice. 


ee 


Я) 
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III 
RESULTS 


TABLE I 


Scores (MEAN NUMBER OF CORRECT RESPONSES) IN PAIRED-ASSOCIATE LEARNING BY 
SPACED AND MassED PRACTIC 


Trials 
Practice 1 2 3 4 5 6 7 8 9 10 
Spaced ..| 0-46 | 0°75 o:96 | r46| 1-46 | r67| 2-21 | 2:27 | 2°54 | 79 
Massed ..| 0-42 | 0°83 | roo | r21| 1°25 1-38 | 1-75 | 2°17 | 2:25 | 271 


The learning score of each subject in each trial is the number of correct responses. 
Table I contains the average scores of each trial in spaced 


Since there were twenty- 
practice and once by masse 


individual scores. The results are also presented in a graphic form in Figure т. 


FIGURE т 


four subjects and each of them lea 


and massed practice. 
rned once by spaced 


d practice, each average score is based on twenty-four 


LEARNING;CURVES OF SPACED AND MASSED PRACTICE IN PAIRED-ASSOCIATE LEARNING 


TABLE II 


SCORES OF, AND DIFFERENCES BETWEEN, SPACED AND MASSED PRACTICE 
IN PAIRED-ASSOCIATE LEARNING 


ee 


Spaced Massed 
roth Trial: 
WWE 2:92 2-71 
Ir O21 
C.R. 9-44 
9-10 Trials 
M. 5:46 4:96 
Dif. 0:50 
C.R. 0:55 
1-10 Trials: 
М. 16:58 14:96 
DIL 1:62 
C.R. 0°53 
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From the data in Table I and the curves in Figure т, it can be seen that the 
efficiency of massed practice is generally on a lower level than that of the spaced 
learning, but the discrepancy between these two forms of practice is small. The 
differences, and the corresponding C.R.'s, between the spaced and the massed practice 
in three measures, viz. mean scores of the roth, g-roth and all trials, are given in 
Table II. None of the differences is statistically significant. The results show, 
therefore, that in paired-associate learning spaced and massed practice made very 
little or no difference in learning efficiency, or more concretely, that 1-minute intervals 
interpolated between successive trials did not greatly affect learning efficiency in 
paired-associate learning. 


IV 
DISCUSSION 


The results of the present experiment are quite different from those of serial 
learning of low-meaningfulness syllables in another experiment of this series (Tsao, 
1948b), which showed that spaced practice was much more efficient than massed. 
This may be an indication that there is some difference between paired-associate 
and serial learning, which caused the difference in efficiency of distributions of practice 
in the two types of learning. 


The technique used in the present experiment was different from Hovland's 
(19394) in the following aspects: (т) In the present experiment the order of pairs 
in presentation was fixed while Hovland constantly changed it. (2) The exposure 
time for each pair was 2 seconds in this experiment while in Hovland's it was 
4 seconds. (3) The two members of each pair were exposed simultaneously inside 
the same window in the present experiment, while in Hovland's the two members 
were shown successively and alternatively in two windows on his apparatus. Hovland 
predicted that a constant order of presentation of pairs would induce remote associa- 
tions and render spaced practice advantageous because of the dissipation of inhibition 
during interpolated intervals. Both Hovland and McClelland suspected the 
possibility that, with a 2-second exposure time for each pair, reminiscence effects 
and, by implication, the advantage of spaced practice, would be found. Hovland 
(19394) thought that, in his experiment, "the continuous rotation of the order of 
the pairs and the alternative exposure of the syllables in different windows of the 
apparatus is less monotonous to the subject, so that decremental effects are less 10 
paired-associate lists than in serial learning where the syllables are presented in the 
same order, in the same window and at the same rate." In fact, the results of the 
present study do not confirm any of Hovland's or McClelland’s suppositions. 

Hovland assumed that the difference between paired-associate and serial learning 
lay in the formation of remote associations. Remote associations, according to 


Hovland, were usually formed abundantly in serial learning, but not in paired- | 


associate learning in which the order of presentation of the pairs varied constantly- 
Time intervals, during which inhibitions due to remote associations dissipated, were 
therefore, more beneficial in serial than in paired-associate learning. In pairec- 
associate learning with a fixed order of presentation of the pairs, Hovland predicte A 
remote associations would be formed. This part of Hovland's prediction was right; 
it was noticed in the present experiment that the subject responded very frequent 

to a single syllable with a syllable other than its partner in the list, sometimes even 
with a syllable in the other list. Hovland’s prediction broke down, however, in the 


—— 


„very syllable concerned, befor 
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other part; spaced practice was not much superior to massed in paired-associate 
learning with a fixed order of presentation of the pairs, although plenty of remote 
associations had been formed, as is shown by the results of the present experiment. 

With the failure to confirm Hovland's prediction, his hypothesis of inhibition 
apparently cannot be used to explain the fact that spaced practice was much more 
efficient than massed in serial learning of low-meaningfulness syllables, but was 
not so in learning paired associates of similar material as shown in the present and 
the other experiment (Tsao, 1948). The differential effects of distribution of practice 
may, instead, be caused by some differences both in the organization of material 
and in the learning processes of the two forms of rote learning. 

In serial learning a list is just a chain of nonsense syllables. Its items, at the 
beginning, are homogeneous to the subject. This, as noticed by Restorff (1933), 
makes serial learning a difficult task. Only as the learning proceeds, grouping and 
other devices, as observed by Miiller and Schumann (1894) and later investigators, 
are developed by the subject, which make the syllables more accessible and, further- 
more, facilitate the learning. Paired associates, on the other hand, provide some 
organization in the material. From the very beginning the syllables are given in 
pairs which may be taken as some sort of "sub-wholes." Since each syllable in 
paired associates is matched" by another one and associated with it, it is thus 
given an "artificial meaning." So the material in paired-associate learning may 
be regarded as better organized and even a little more "meaningful" than the material 
in serial learning. Meaningful materials are usually learned. about equally well 
with Spaced and massed practice, as has been shown in a former experiment of this 
series (Tsao, 10480). 

е The above refers to the organization of the material; there are also some differences 
in the learning processes in paired-associate and seriallearning. Both in paired- 
associate and serial learning a syllable has to be memorized as a single syllable. 
Also, in serial learning a syllable has to be memorized in its serial position, that is, 


. before and after certain syllables, especially after а certain syllable. In paired- 


associate learning, a syllable has to be remembered with a certain partner which 
forms a pair with it and serves as the cue for its recall. In serial learning, with the 
anticipation method, the subject must go back to the preceding syllable in order 
to give a correct response. He has to remember the preceding one as well as the 
k e he can anticipate it correctly. Moreover, a syllable 
is remembered not only as a syllable itself, but also as a cue for recalling the following 
one which is still to come. The syllables are exposed individually, but the subject 
sees only one syllable at a time, and he must relate it to both the preceding one which 
1s no longer present and the succeeding one which is not yet in view. — Serial learning 
is, therefore, a rather complex process. Paired-associate learning is different. A 
pair of syllables is shown at à time. In testing the memory, one of them is given; 
what the subject has to do is only to recall the other one. Since in learning both 
Syllables are exposed simultanecusly, the subject does not have to associate one 
of them with something not in view. In comparison with those of serial learning, 
the processes in paired-associate learning are much simpler. A more complicated 
learning process is, of course, a more difficult one, and thus serial learning and paired- 
associate learning differ in difüculty. That the advantage of distribution of practice 
is more prominent in difficult tasks than in easy tasks has been proved by Cook 
(1928), Borovski and Kobozeva (1935) and many others. 

This study was carried out in the Psychologieal Laboratory, Cambridge. I 
wish to express my gratitude to Mr. G. C. Grindley for help and advice. 
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^ THE EFFECTS OF REPEATEDLY RETESTING THE SAME 
GROUP ON THE SAME INTELLIGENCE TEST: 


IL HIGH GRADE MENTAL DEFECTIVES 


BY 
A. W. HEIM and J. G. WALLACE 
(From the Medical Research Council Applied Psychology Unit, Cambridge) 


. Twelve mentally-defective schoolboys between 14 and 16 years of age took an 
intelligence test (AH 4) once a week, ten times. They took also Progressive Matrices 
once, after they had finished the AH 4 testing. Subjects of low intelligence were chosen 
in order to throw some light on the findings of a previous experiment on repeated retesting, 
in which the subjects were intelligent adults. The main aims of the schoolboy enquiry 
were to ascertain how far the flattening of the progress curves observed in the earlier 
enquiry was due to the artificial “ceiling” imposed and how far the part played by variation 
within the individuals varies with the level of intelligence of the group. 

The mentally-defective subjects showed a gradual improvement in test performance 
with little sign of flattening towards the end; their individual progress curves were far 
less smooth than had been those of the more intelligent subjects. Other findings included 
relatively high proficiency on the diagrammatic part of the test, as opposed to the verbal 
and numerical, and some transfer of training from AH 4 to Progressive Matrices. 


I 
INTRODUCTION 


IN a previous report (Heim and Wallace, 1949) the results of repeatedly retesting 
а small group of intelligent adults once a week, for some weeks, were described. 
It was found that the typical individual progress curve showed a steep upward rise 
for the first four or five testings, followed by a levelling out towards the end. The 
order of the subjects remained strikingly constant, but the correlations between 
the two parts of the test tended to fall with successive testings, suggesting that the 
part played by “bias” increases with repeated testings. There was some evidence 
that Part I (verbal and numerical) presented less difficulty to the group than did 
Part II (diagrammatic). 

These findings raised questions of theoretical and practical interest. Does 
intelligence test performance, like other skills, always improve with practice? Does 
rate of improvement always become negligible after the first few testings? Or are 
|. these findings dependent upon а particular relation between group and test used ?— 
i.e. a pre-selected group whose intelligence level is higher than that of the population 
for whom the test was originally designed. Does the "learning" extend to other 
somewhat dissimilar tests? Сап subjects within the group always be relied on to 
maintain their relative position or is this, again, dependent on the relationship 
between group and test used? 

The solution of these and allied problems requires a series of experiments with 
| different groups and different tests. Mental defectives were chosen in this instance, 
’ . since it was felt that they would have the greatest scope for improvement: there 
would be little danger of their reaching the end of the test and gaining nearly full 


marks, even after many testings. 
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II 
SUBJECTS AND TESTS 

The subjects were twelve high-grade mentally-defective boys, ranging in age 
from 14:6 to 15-10, and drawn from Littleton House School, Cambridge. Only 
boys who were competent readers were accepted as subjects, in view of the largely 
verbal bias of the first part of Test AH 4. It was clear that any Part I scores gained 
by boys who have difficulty in reading simple words would be worthless. 

The Binet I.Q.’s of the boys, established before they were admitted to the school, 
ranged from 55.to 76:5. The period between the Binet testing and the AH 4 testing 
varied from one to five years. 

AH 4 testing was carried out weekly, for eleven consecutive weeks, at the end 
of which period the school term came to an end. In this way eight of the boys 
were tested eleven times and all twelve of them were tested ten times. Thus 1m 
“four cases only there was on some one occasion a gap of two weeks between testings- 
The results discussed in this report are concerned, unless otherwise stated, with 
the ten tests taken by the whole group of twelve. 

Every care was taken to ensure that the subjects understood what was required 
of them: the usual simple examples were given of the type of question met with in 
both parts of the test and the boys worked through these in their own time, each week, 
before embarking on the test proper, each part of which lasts то minutes. 

The concentration of the mental defectives during testing was, of course, markedly 
inferior to that of the W.E.A. students who had taken part in the first enquiry- 
However, the boys appeared less subject to boredom in the course of testings— 
perhaps because they, unlike their predecessors, were always meeting new questions 
as they got further in the test throughout the ten weeks, perhaps because boredom 
with familiar things is a characteristic of high rather than low intelligence. The 
boys were interested and forthcoming; they were, for instance, very eager to See 
the stop-watch at the end of each testing and, if possible, to hold it. They меге 
quite keen to hear whether they were improving as a group, and when they меге 
told that they had done the test for the last time, they looked downcast and 'asked 


the tester when she would be coming back. The eleventh testing took place 00 | 


Ist April, 1947. Оп that occasion several of the boys gleefully made mistakes ove" 
the Examples, in order to have the pleasure of making an “April Fool" of the bw. 
At the end of April, after their school holiday, the twelve boys were given th 
Progressive Matrices Test. Two unusual points of procedure should be mentione 
in connection with the latter testing. (a) Six examples of “Matrix” type devise 
by the tester were provided to be worked through, before the test proper was реи 
The first and fifth of these had already been completed, but the boys were urged t 
study them; the remaining four examples had to be solved by the boys themselves 
(b) А time limit of 30 minutes was imposed for the test proper. Five of the boy 
finished the test within this time and all but one of the others had reached set 
(the fourth of the five sets of twelve questions). eS 
In addition to the Binet I.Q.'s and the Progressive Matrices scores, the vi. 
had access to the boys' school reports, which include remarks on performance ily 
school subjects (including manual ones), speech, physique, behaviour and a 
history. The Headmaster kindly added his comments on the appropriateness o 
his view, of the Binet Т.О. with which the boy had entered the school, and he ая 
arranged: the subjects in rank order according to his conception of their “innate s 
хопа abtlily." The comparison of these criteria one with another yielded little 
: direct, releVaace to this particular enquiry. In order to save space, therefore, 
Е these results has been omitted from this paper. 
"L4 d u 
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- FIGURE 1 
А PROGRESS CURVES OF MEAN SCORES 
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s II 
RESULTS 
А. The General Trend of Scores. 


Figure 1 shows the curves for the mean scores of the group of twelve subjects, 
for the ten testings. Separate curves are shown for Part I, Part II and total test 
scores. The total test score curve for the W.E.A. group is shown above. 

It may be seen that the total score curves of the Littleton House boys and of the 
W.E.A. students differ considerably from each other. The W.E.A. curve rises steeply 
at first and begins levelling out somewhere around the fifth testing. The mentally- 
defective group, however, shows a fairly steady rise—except for trial 7 which yields 
a small peak. 

This would suggest that the flattening out of the W.E.A. curve is а property 
of the relation between the test (intended for a cross-section of the population) 
and the group (a selected, intelligent group), rather than of the learning process aS 
such. Given this relatively easy task, the W.E.A. group virtually finished all its 
“learning” after some five trials. The schoolboys’ curve suggests that the duller 
subjects learn not only more: slowly, but also over a considerably longer period, 
given the opportunity. 

FIGURE 2 
PROGRESS CURVES OVER 8 TRIALS AT DIFFERENT LEVELS 
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That the difference in the trends is a difference in ‘degree rather than in kind is 
suggested by Figure 2 (for which idea we are indebted to Mrs. N. Harris). In this 
figure the results of the subjects from both groups over eight trials are included: 
each progress curve shows the mean for three subjects—adjacent on their first score— 
except for the bottom progress curve which is the mean of the six lowest-scoring , 
subjects. 

This figure illustrates clearly the change in gradient of the progress curve as 
the intelligence of the subjects decreases. It is observable that the “steps” taken 
by the brighter groups grow progressively smaller with each testing, whereas this 
is not true of the duller groups. 

Inspection of the schoolboys’ progress curves for the two separate parts of the 
test (Figure 1) throws some light on what is happening. The Part II scores are 
initially, and throughout subsequent testings, much higher than those for Part I; 
moreover, the improvement on Part II is far more marked than that on Part I. 
Linear regressions were fitted to the curves of Part I, Part II, and also of Part II 
minus Part I, in order to ascertain the improvement on Part II relative to Part I: 
these showed that the improvement is significantly greater for the second Part. 

Thus it is clear that Part I contributes little to the improvement shown throughout 
the Total score curve: the shape of the Total score curve is very largely determined 


by that of the Part II curve. Evidently Part I is almost outside the intellectual 


range of the mental defectives. It appears unlikely that they would ever make a 
fair showing on Part I, even if they continued to take it for months, or if they tried 
taking it with unlimited time. On the other hand, their Part II scores suggest 
that they might well continue to improve if they went on taking Part Il. A 

The initially higher scores and the greater progress made in Part II lends itself 
to various interpretations. It may be that unintelligent subjects tend to find 
diagrams intrinsically easier to deal with than words or figures. A more direct 
approach is possible with the diagrams: they represent nothing beyond themselves. 
But words and figures are one degree removed from what they represent; they 
are symbols to be read and translated before they can be used. It may be that 
at low levels of intelligence these processes present a real difficulty. Beyond a 
eum intelligence level this distinction evidently plays a far smaller part: intelligent 
Subjects vary as to which “bias” they prefer. 

А possible explanation of the difference in slope between the progress curves 
of the two Parts may lie in the fact that the subjects have had practice in school 
Íor some years, in dealing with words and figures, whilst they have had little or none 
With diagrams of the kind used in the test. They may therefore have made most 
of the progress of which they are capable in the i field, ит they have con- 
Siderably more scope—and, perhaps, interest—in the second. А А 

That the difference fected the Part I and Part II progress curve 15 not А UM 
Matter, is evident from a comparison of the number of questions attempted WI 
the ratio of number correct to number attempted, on the two Parts. 

Figures 3 (a), (b) and (c) show these two curves for the two separate Parts of the 
test and also for the Total test score. It may be seen in Figures 3 (а) and (b) that, 
Whilst the number of questions attempted increases to a greater extent and more 
rapidly for Part II than for Part I, the ratio of correct answers to number of questions 
attempted tends to decrease in Part II and, if anything, to increase in Part I— 
to show a tendency. 
stions ip the test become progressively 


This may b t the que 
e E Ms bo) 3 aching quite difficult questions during 


harder: in Part II the quicker boys were re 


э 
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the last few testings, whereas none of them got very far in Part I. Furthermore, 
the Part II ratio was startlingly higher to begin with than the Part I ratio. The 
difference in trend between the two ratios might, of course, be due, to some extent, 
to the greater practice which the boys got on Part I, owing to their always attempting 
the same questions week after week. 

On the other hand, for the W.E.A. subjects, the curve showing the number of 
questions attempted was similar in shape to their test score progress curve. But the 
ratio curves for the two Parts were diametrically opposed; in Part I the ratio sank 
steadily, and in Part II the ratio (lower, initially, than that for Part I) rose steadily— 
though it was never as high as the ratio for Párt I. Thus the brighter subjects 
(with their somewhat verbally biassed occupations) evidently found Part I absolutely, 
as well as relatively, easier than the diagrammatic second Part. 


FIGURE 3 
(a) PART 1 (b) PART И (<) TOTAL 
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B. Individual Variation. 


The scores on each testing were compared with the scores on every other testing 
and also with the "pool" of the scores. In correlating each set of scores with oy 
pool, the set in question was included in the pool. The product moment method "E 
correlation was used in this investigation as in the earlier one. It was chosen 1 
preference to the method of rank correlation in order that occasional striking 
differences between particular individuals should not be masked and that a measur 
of the significance of differences would be available. ‘oh 

Using the scores of the whole Littleton House group, the test yielded very hig 
consistency. The correlations between the separate testings and the “pool” range 
from 0-879 (second with pool) to 0-989 (fifth with pool). The correlations poor 
Scores on the different testings with one another were scarcely less close: with on 


exception (the second with the seventh, 0:709) they were all over 0:80, the majority 
exceeding 0-go. 


~=- -= = NUMBER ATTEMPTED. 


age Е е 
In addition to the above comparisons between Total test scores, scores on th 1 


separate Parts of the test for each testing were correlated with their pool. Rc 
correlations were found to be very similar to those obtained with Total test MR 
they were all very high (over 0-785). No significant difference was found Bor 
the two Parts, and no trend was observable with repeated testings. Thus, all d 
correlations between the testings are highly significant, none of the differences betwe 
the correlation coefficients being significant. 


pem 
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Figure 4 (a) shows the individual progress curves of the twelve boys, numbered 
for purposes of reference. Inspection of these curves reveals that they fall 
fairly clearly into two separate groups, Nos. 1-4 in the first group and Nos. 5-12 
in the second; and that the progress curves of the second group in particular cross 
and re-cross with great frequency. It was thought interesting, therefore, to examine 
the consistency of the mental defectives within these two groups. The correlation 
coefficients showed a very changed pattern; the range for the total group of twelve 
was 7 = 0:709 to 0:989 (a difference of 0-28), whereas that for the lowest eight was 
r = —0-008 to 0-917 (a difference of 0-925) ; only twenty out of the fifty-five correlation 
coefficients on the smaller group were significant, and a strong trend towards greater 
consistency was shown with later testings. 


FIGURE 4 (a) 
INDIVIDUAL PROGRESS CURVES 
LITTLETON House GROUP 
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FIGURE 4 (b) 


INDIVIDUAL PROGRESS CURVES 
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Mn nem, of Variance showed that significant differences in ability obtained 

Eten: ge. on both Parts of the test. It is clear, however, that the con- 

ae y of the total group is due largely to the fact that the first four maintained 
eir position relative to the other eight throughout the experiment. 

The relative inconsistency of the dullest eight boys as compared with the total 
group, and as compared with the W.E.A. group, is to be expected on statistical 
as well as psychological grounds. Their range of score at each testing is extremely 
ps differences of one or two marks, such as they exhibited on initial testing, 
: a x or no meaning; and chance played some part in determining each 
em idual $ score (see Section III (D)). Mental defectives are notoriously prone to 

Stability and lack of concentration and many of the Littleton House boys were 
Беа for behavioural as well as intellectual difficulties. It is possible that a 
Ea ently low-grade test would reverse the finding—bunching the brighter subjects 
b. at their inter-test consistency falls and discriminating between the duller ones 

те adequately and, hence, more consistently. 


C. "Learning" in Intelligence Test Taking. 


T n is clear from Figure 1 that a good de: 
m nas d taking the same intelligence 
i TM part of the subjects. The speed an 
elligence level of the subjects and the bias of t 
Present in some degree. 
A writers thought that it would be interesting to see whether this learning 
M led over to other intelligence tests. For this reason they gave the Progressive 
atrices Test to the Littleton House group, when the AH 4 testing was finished. 
Togressive Matrices was chosen because it has been widely used in the past with 
оре of varied intelligence and because it was clear from the AH 4 findings that 
cr E With a visual bias would yield more fruitful results than one with a verbal 
umerical bias. 
ан noted above, examples were provided for the boys to work through at leisure 
a it embarking on the test proper. The examples were easy, but they did illustrate 
v ma of principle that the subjects would meet in the test and the form of answer 


al of "learning" takes place, as а result 
test, without any knowledge of results 
d extent of the learning varies with the 
he test, but it seems to be always 


e The time limit of 30 minutes was imposed for purely practical reasons: the 
Xamples took some т 5 minutes to complete and it was felt that longer than 45 minutes 
Would probably overtax the boys' attention. In fact, the results showed that this 
iming was legitimate: the majority of the subjects reached the last section but one 
o pe test and five of these finished the whole test in the 30 minutes. In view of 

е high proportion of errors made in the last two sections it was felt that the scores 
Would have been substantially the same if unlimited time had been allowed. 

None of the subjects had ever seen this test before. 


The twelve Matrix scores were as follows: 4L, 37; 36, 34, 30, 30, 25, 24, 21, 17, 
of Matrix norms used by ће Army in 


16 

the 8. The following table shows two sets c у 

а € 1939-45 war. They are based on a sample of 5,000 representative of the war-time 
oA educational standard and non-verbal intelligence (Col. B 
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_ o IMEEM. 
20-minute norms 45-minute norms 
Number of Number of 
Littleton Littleton 
Matrix House Matrix House 
% Grade marks subjects marks subjects 
A A 46+ o 54+ o 
20 B 40—45 1 . 48—53 o 
20 C+ 35—39 2 44—47 o 
oe e 29701 3 39—43 1 
20 D 20—28 3 29—38 5 
IO E —19 3 —28 6 
—— i UN 


Thus the general standard is extraordinarily high for a group of subjects whose 
Binet I.Q.’s are all under 80. It may be seen that only half of the boys come within 
the bottom ro per cent. of the Army population on the 45-minute norms, and only 
one quarter on the 20-minute norms. 

In view of the difference in form between Progressive Matrices and even the 
visual-biassed Part II of AH 4, this suggests some transfer of training. The corre- 
sponding grades on AH 4, on the first testing, were D, 2, and E, то. On a bigger 
more representative group, correlations of 0-66, 0-68 and 0:69 (Parts I, П and Total 
respectively) have been found between AH 4 and Progressive Matrices. It looked, 
therefore, as though the comparatively high Matrix scores were due largely to dus 
"training" effect produced by repeatedly taking a different test, without knowledge 
of results. 

There was a possibility, however, that these "high" scores were due to the 
presentation of Matrix-type examples to be correctly completed by the boys before 
they embarked on the Matrix Test proper. (See Wallace, 1949, Section II, 4, for 
influence of Examples on test scores.) A control group of Littleton House boys: 


comparable with respect to age and reading competence, were therefore tested the, 


succeeding term on Progressive Matrices under exactly the same conditions а5 were 
the first group—save that the second group had never seen AH 4. 


The scores of this group were as follows 40, 32, 27, 27, 23, 14, 14, 8, 7, 6, 6. Td 
mean scores for the two groups were 26-6 for the test group and 18:5 for the Fun. 
2 i 


group. This is clearly a substantial difference, being a drop of over 25 pe 8 
It is not, however, statistically significant, t — r-8—instead of the requisite 20 
These results are not, therefore, wholly conclusive: they suggest that the high Matri 
scores of the first group of boys were due partly to the practice effect of repeate 
AH 4 testings and partly to the inclusion of the examples with the Matrix Test. st 

The effect of providing examples for the subjects to work through, and of te 
sophistication, can scarcely be overstressed in view of the increasing employme 
of psychological tests for practical purposes, and the practice of many psychologis 
of treating Т.О. as, within narrow limits, a reliable, immutable measure. 


D. Differences between Groups of High and o, Low Intelligence. 


The most striking difference between the W.E.A. students and the mentally 
defective schoolboys was the difference in consistency of individuals. Figures 4 
and (b) show the individual progress curves for the two groups. :e]ded 

It may be seen that the high-grade subjects, with very few exceptions, yiel iet 
smooth curves which rarely crossed one another. The progress curves of the dul 


B 


а 


== 
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ы however, oscillate wildly and repeatedly cross and re-cross one another. 
M course of the individual boys is completely obscured in the progress 
e E their means (see Figure т). Most of the individual curves of the W.E.A. 
N nts strongly resemble their mean curve, whereas only one of the schoolboys 
( 95 1) produced a curve at all similar to the Littleton House mean curve. Dis- 
cussions with the Headmaster, and with the boys after testing, threw no light on 
the violent changes in score from one week to another. No explanation was found, 
for instance, for 2's sudden drop at his ninth testing or for 4’s im 
sixth and seventh testing. 
E. Inspection of the curves showing the ratio b 
ва showed the same difference between groups. The W.E.A. curves were 
UM п, they tended to fall for Part I and to rise for Part П. The Littleton House 
en Es are so jagged that little can be deduced from them, but in so far as they 
Xhibit any trends, these go in the opposite direction from those of the W.E.A. group. 
The relationship. between Parts I and II of AH 4 pursues the same oscillating 
Course for the mental defectives—and the same relatively smooth one for the 
intelligent subjects, see Figures 5 (a) and (5). Whilst the smoothness of the W.E.A. 
curve as broken only twice (at the second and eighth testing), the Littleton House 
СЩ proceeds in erratic, irresponsible manner, to finish almost exactly where 
о general trend, however, is downward, as it is with the W .E.A. group: both 
Ww a and the dips, looked at separately, become progressively lower. In the 
ed т report it was suggested that this decrease in relationship between Parts I 
ERR might be due to the narrowing range of scores of the group, the standard 
The ation having been found to fall from 19:54 the first time, to 12:13 the last time. 
E. Se new data suggest that this greater selectivity may not have been the main 
S since the standard deviation of the mentally-defective subjects tended to 
baa roughout the testings (first time 7°33, tenth time 15:24), no artificial ceiling 
x Imposed in this instance. 
odd appear then that the effect o 
A E with retesting, in any case when the t 
this y of the erratic nature of the curve 1n Figure 5 (a), however, further data on 
point should be acquired, preferably with an unselected group ofsubjects. | 
i The differences between the mean curves of Part I and Part II scores given in 
c І, shows how important а róle bias plays, whether the subjects are test- 
Phisticated or not, when they are of low intelligence. 
_ The Littleton House subjects frequently omitted questions in Part I though, 
with the exception of No. 11, they never omitted questions in Part II. The W.E.A. 
SToup always took the questions in order, on both Parts of the test. 


The numb i tally-defective boys was 
k de by the mentally y: 
НА. M Apart from the fact that the 


e Т 

еб with that made by ће W.E.A. students. m Я 

boys made far more mistakes than the students, the most striking med zi 
stuc 


н H H 
n the consistency of the errors. The students had, with rare exceptions, 
they tended to give the same 


the right answer once they had achieved it, and l 
i d. The Littleton House boys, 
an ever, would often give a wrong solution to а question they had previously 
и. correctly, and would very often give а series of wrong answers, week after 
th Sk—changing from one incorrect solution to.another. This would suggest that 
mu Tesults were due entirely to chance, but the Azmalysis of Variance did suggest 
€ measure of genuine improvement. 


pressive rise between 


etween correct answers and questions 


f individual differences in bias tends to 
he test used fully extends the subjects. 
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_ FIGURE 5 (а) 
CORRELATION BETWEEN Parts I AND II—LirrLETON House GROUP 
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FIGURE 5 (b) 
CoRRELATION BETWEEN Parts I AND II—W.E.A. GROUP 
о 


.9 


CORRELATION COEFFICIENT 
м 


П 2 3 4 5 6 7 8 
TIMES TAKEN 


IV 
DISCUSSION 


If the mere taking of one test ten times has the effect of lifting а group a wr 
grade mental defectives well into the score range of a group of unselected sub] still 
it seems likely that with knowledge of results and with suitable explanation ork 
more startling effects may be produced. It would be interesting to do forthe’ yin£ 
along these lines, giving positive training, in addition to experience, in 40512 


i 
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Th i i i 
e present findings have immediate bearing on two practical problems: the weight 


to at E 
attach to psychological test scores when allocating to schools normal children 


wh 

i 29, ее ар not have been previously coached for such tests and the extent 

RU nta defectives can learn from experience and perhaps compete success- 

* n certain fields, with more fortunate people. 1 

К. i hus that practice effects play as large a part in intelligence test taking 

Polemi AM er skills, in spite of the fact that these tests are designed to assess 

time. The 1 ыс do so fairly successfully when given to a group for the first 

JO ccce found in this enquiry strongly suggest that the flattening of the 

imposed: it “ie observed with the W.E.A. students was due to the ceiling artificially 

ment oa s probable that a test which offered the latter more scope for improve- 
produce a rise in score comparable to that gained by the mental defectives. 


Th Т E 
€ consistency of the group as assessed by comparing each testing with every 
firms the results found on this issue with 


о : 
ee pem the pool of the scores, con 
does it ate, PP This has no bearing, of course, on the validity of the test, nor 
More ise ae unfortunate situation in which some members of a test group are 
application cr histicated than others. It is necessary for the satisfactory practical 
Thee of psychological tests though it is obviously very far from being sufficient. 
a fllüction s и Part П as compared with Part I is, in the writers' experience, largely 
is true fiot the low intelligence of the group chosen for the present enquiry. It 
ere is so пе теап оѓ Рагі II is, in general, higher than the mean of Part L but 
of the pri me evidence that this discrepancy tends to increase as the intelligence 
than dq ihr decreases. Children gain markedly higher scores on the perceptual 
related to E verbal and numerical Part. It is not clear, however, whether this is 
their possession of greater powers of visual imagery than adults, or their 


vas intelligence, 

it " Р 

two A unselected subjects there is a correlation of the order of 0-3 between the 

а ts, some subjects doing better relatively on Part I and others on Part II. 

trasteq m of the mental defectives to cope with Part I of AH 4 when con- 
ith their facility on Part П and on the Matrix Test, emphasizes the importance 


eie ae 
medium used when assessing the mental ability of low-grade people—it being 
i r “how good" the subject is rather 


assum, 
an d that the psychologist aims to discove t 
ave d OW bad" he is. At higher levels this finding suggests—as other findings 
one—that an intelligence test which confines itself to one bias only may 


yield hi 
highly misleading results. 


with i upward trend of the progress curves suggests that in any case subjects 
t many trials to reach the level beyond which 


Intelligence 
e i З may take а grea о 
ey fail to improve. It was a pity that the end of term brought testing to a close 

o determine whether 


With th 
this ‘gas eleventh session. On the existing 


e and з 
eat the experimen 
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саасан 


SUMMARY 


(а) Twelve mentally-defective schoolboys between 14 and тб years of age took 
test AH 4 once a week, ten times. They took also Progressive Matrices once, after 
they had finished the AH 4 testing. 

n 


(b) In addition to the above test scores, the writers had access to the boys' 
Binet I.Q.’s gained some years previously, and personal assessments from the Head- 


master. Examination of these gave inconclusive results and they have, therefore, 
been omitted from this paper. 


(c) The mean progress curves of the subjects showed (i) a tendency for improve- 
ment to continue throughout the ten testings, and (ii) marked differences between 
„Part I (verbal and numerical) and Part II (diagrammatic) of the test, the latter 
starting at a much higher level and showing greater improvement. 


(4) Inter-correlations between the testings were highly significant, surprisingly 
so in view of the selected nature of the group and the erratic nature of the progress 
of individual subjects. The consistency dropped strikingly, however, when the 
eight subjects with the lowest scores were treated as a separate group. 
| 


(е) The scores of the group on Progressive Matrices were startlingly higher than 
they would have been expected to be, had the boys taken this test before Науша 
taken AH 4 repeatedly, and without having completed examples prior to the tes 
proper. 

(f) The main differences between the test results of the group of mentally- 
defective schoolboys and the group of intelligent adults were as follows: (i) The 
Schoolboy's individual progress curves were erratic and apparently unpredictable, 
whereas the W.E.A. students produced smooth curves with a well-marked tren® 
(ii) The low-grade group found Part II very much easier than Part I, judging 110 
the number of questions attempted, the ratio between number attempted and number 
correct, and the number of questions omitted. The W.E.A. group had tended 
maintain a higher ratio of correct to attempted on Part I than on Part П, throughow 
the testings, and these subjects had not omitted questions in either Part. (iti) 
individuals in the duller group were far less consistent, both in their errors ап 


their correct answers, than the individuals in the superior group. rally b 
(g) It was suggested that the experiment be repeated with groups different а. 
pre-selected with respect to intelligence and with tests of different levels and me 
VI | 
REFERENCES sas the 
т. Нем, A. W., and Warracr, J. С. (1949). The effects of repeatedly тези 
Same group on the same intelligence test: I. Normal adults. Quart. J. Exp. Psy! 


т, 4. a 
2. WALLACE, J. G. (1949). Results of a high-grade intelligence test applied to 
university population. Unpublished. Y n 
The writers wish to express their warmest thanks to the Headmaster of Lites | 
House School for granting them facilities for carrying out the work, and for GF 
kindness and help throughout the investigation. They are grateful, too, to Mr. lp 
Chambers for his assistance on the statistical side, and to Miss V. Horn for her h а 
with the figures. They are especially indebted to Miss У. В. Cane and Пг. am 
Mrs. А. D. Harris for their invaluable help in the interpretation of results. | 


(Manuscript received 3rd July, 1949) 


THE THRESHOLD FOR SUDDEN CHANGES IN THE 
VELOCITY OF A SEEN OBJECT | 
ВУ 
W. Е. HICK 


(From the Medical Research Council Applied Psychology Unit, Cambridge) 


The di 
difference threshold for the velocity of a seen object was measured by the method 


of constant stimuli, usi 
nt stimuli, using two categories. An approximate correspondence with Weber's 


law was н 
at both unn fpa divergence from it appearing, in general, as an increase of the threshold 
Perception, cor he range of initial velocities. The Mean Threshold (o:5 probability of 
the initial vel rected for guessing) was, in favourable conditions, about I2 per cent. of 
made no mr Whether the stimulus was an increase or а decrease of velocity 
then diverged ked difference. With two moving objects, which converged, crossed, and 
Ves ct both suffering the same change of velocity, the threshold was higher. 
responses, y S hanges as low as 2:5 per cent. elicited a significant proportion of correct 
to blank sss aedi pet points in connection with this are discussed. Responses 
Significantly wt showed a strong tendency to guess "slower," which tendency differed 
exposure HA пергее between most of the experimental conditions. Tests with reduced 
occurring in S Showed that exposures could be as short as 0:5 second (the velocity change 
he middle of the exposure) without appreciable detriment. 


I 
INTRODUCTION 


\ DRE estimar 
)' of Pm of rates of change of quantities is а 
and are es In a number of important cases the quantities are perceived visually, 
Suggested tra nature of positions or shapes of objects. The particular task which 
папе and its, study is that of tracking, in which, by the operation of a control 
in spite of a connected mechanism, two objects are required to be kept in coincidence 
and on which ii ntinuous tendency to diverge. Other tasks, similar in principle, 
e present findings may have а special bearing, are driving in convoy 


at night, and eee 
я ying іп formation. Мапу more examples could be given, the essential 
i timulus is a spatial dimension 


at : а 
efficient control demands anticipation of its future value on the basis of 
dge velocity and, if 


n essential part of many forms 


itt : z . E 
le previous work seems to have been done on this subject. Dimmick and 


and 91985) measured the effect of exposure time on the least perceptible velocity, 

Visual fiel Eu uno have studied the influence of illumination, position 1n the 

ability t ; background, etc., but no reference has been found dealing with. the 

"his is es iscriminate between different successive velocities of a moving object. 

of ee. the subject of the present study. It can be regarded as a measure- 

easuremen, difference threshold for velocity, OT as a preliminary approach to the 
nt of the acceleration threshold. 


II 


METHODS AND APPARATUS 
atus, were employed. In the first (called 
sed over a drum, in 


Tw 
the «4° Methods, usi 4 à 
^ front Tum" meth, sing quite different appa 
X : Of wh; od) an end. f er some 6 ft. long pas : 
$4] DE Е "e ich was 2 ur Seale The moving object NE im by a 
2 [RU ME i : v visible through the sht, e motion 
е obj short segment of the line being X СА лае 


со (en : 
pont was horizontal, and consisted of репо 
g instantaneous, 


velocity А 
Ocity, the changes of velocity bein 
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The subject was seated with his eyes approximately 18 in. from the mask. He was 
provided with a knob, to be moved to right or left according to the direction of the А 
momentary acceleration. The instruction was not to hold the knob over, but merely f 
to apply à brief pressure in the correct direction as soon as a change of velocity was 
perceived. Р 

In the first trials the object was liable to accelerate ог decelerate when moving either 
to the left or the right, and a deceleration would occasionally be sufficient to cause а 
reversalof motion. In order to explain the task to the subject he was asked to imagine 
that the object, when it changed speed, had been given a push, and he was to press the 
knob in the same direction as the imaginary "push." Although a few subjects graspec 
the requirement at once, and most did so after some practice and demonstration, it was 
soon evident that the unfamiliarity of the concept of positive and negative acceleration 
was causing errors that had nothing to do with perception. The task was therefore 
simplified by making the spot move only from right to left, with no reversals. As soon 
as it had reached the left-hand end of the slit it began again at the right-hand end. i 

Even so, this method exhibited certain defects in practice, the chief of which was that, 
in order to get a measure of the reaction time, it was necessary that the stimuli should 
appear at irregular intervals. The result of this and other factors was that stimuli many № 
times greater than threshold value were frequently missed, which led to complications in 
assessing the results. The technique of “forced guessing” could not be used, and therefore 
there was no control over the degree of confidence demanded by the subject before he 
would respond. Moreover, it was impracticable, with the drawing instruments at hand, 
to produce a standard set of stimuli in sufficient numbers to prevent the sequence on 
each band being liable to be learnt. The lines were, in fact, drawn haphazard, within 
general limits, and this prevented learning. | 

The second method (called the ''oscilloscope" method) was devised to reduce thes? 
defects. To a standard Furzehill oscilloscope with D.C. amplifiers was coupled what W i 
essentially a Miller circuit. By means of a multiway switch, condensers could be selecte 
to give sweep speeds of the spot of 1:32, 3:12, 7-02, 11-4, 22:98, 49:5 and 89:3 mm. pe 
second on the screen. These were measured by photographing the spot on moving 
film, and the constancy of the speed across the tube face was checked by the same means: 

The circuit was so arranged that extra resistors could be connected in parallel wit 
that through which the condensers charged, and these, by changing the rate of chargin£ 
changed the speed of the spot. The velocity increments obtainable in this way We 


fixed percentages of the initial velocity, and ranged from 2:5 to 75 per cent. for a rari 


spot reached a predetermined position. А silent switch was provided, out ot sie Hd А 


" : . . z 
Switching device, which consisted essentially of a triode and two relays, was given ap 
separate H.T. supply, to eliminate any possible interference which might have JS e 


the tube and crossed in the middle. The other was a pair of shutters which Euer 
placed so as to cover all but the middle portion of the tube face, the apertur® ig th 
adjustable as required. The purpose of this was to examine the effect of altering | at 
exposure of the spot. Two difficulties were encountered here. The spot-positie sion 
which the automatic switch operated was subject to random variations from Os drift 
to occasion, with a standard deviation of about o:9 mm., not to mention а $ OY gition, 
and therefore it was not practicable to reduce the aperture to less than 1 cm. ADDS! 
it was clearly essential to give the subject proper warning of when the spot would ey nt 
this problem was solved by incorporating in one of the shutters a piece of OE the 
plastic, moulded 30 as to break up the light; through this a faint irregular glow FLA 
approaching spot could be seen, but no clue as to its velocity could be gained. llo 

The experimental procedure with this apparatus (the oscilloscope) was 25 у told 
The subject was seated with his eyes at approximately 21 in. from the display, ап ctio? 
to say “faster” or "slower" according to his judgment of the change of speed. e 
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time was not, of 
рее Ont ‚ of course, recorded. At the beginning of a s i ; 
of the od ае ue change of speed Е and ut eed zx approxima o 
possible for ex ime that it had occurred; conditions were theref У ОЕ 
"The Pet aD ak and attention. erefore as favourablo as 
тс was also told, untruthfully, that there would alwa: 
B serio caper to about 15 per cent. of all stimuli rd heb s 
they contribut experiment, where they were not used at all), and, as will be s: 7 Es 
gone B RS an indispensable item of information. 2 Е” 
to present the пос was to begin by giving the subject a few practice trials, and then 
обе at each ard series. of stimuli in descending, and then ascending, order of 
to, because it was the alue of initial velocity. In fact, this rule was not strictly adhered 
was being used, a ought that, since the method of forced guessing (no third categor ) 
might have a s ре number of not consciously perceptible stimuli in а. 
always eU d erect on motivation; for this reason à relatively easy stimulus was 
was only given os ter three or four “impossible” ones. The series of initial velocities 
equal numbers e to each subject, at least with the same conditions, but approximatel 
Six subjects received it in ascending and descending orders. У У 
but not ali the were used in the drum method and eighteen others with the oscilloscope, 
mentioned re ip eighteen were tested in all the conditions. The conditions not already 
CHO eee о the positions of the velocity change in the case of the double spot. 


I 

a Sa 2 cm. apart, converging. 

(3) aa E cm. apart, diverging. 
pots just crossing each other. 


Ul 
RESULTS 


ое 
вап me ion of the threshold which was chosen was that of the so-called 
old. It is that value of the stimulus which makes the number of smaller 


stimuli : 

: e 

given босы equal to the number of greater stimuli not perceived. It can be 

ab cal meaning by assuming that there is, at any instant, a definite and 
then the Mean Threshold 


solute th: 
15 the oN open but that it varies from instant to instant; 
value of the instantaneous threshold. Consequently it is an estimate 
d, notwithstanding 


of the sti 
imi А 
ulus value which has а 0:5 probability of being perceive! 
eived on much more or 


hat thi 
is sti С 
ess than bed may, in the experiment, have been perc! 
sampling PUR cent. of occasions. Such a discrepancy has. then to be ascribed to 
чени. 
ethod has the advantage of making som 


the lab 
Our of computation to the realm of practicalit 
ented equal num 


are sepa: 
amounts 2р by equal intervals and are pres 
ittle more than counting the total number perceived. 
nt case. 


lese conditi 
itions could not be satisfied in the Pres” 
the method that the stimuli should cover 


Never seen.” st range from the "always сееп” to the 
pum The data in the present study required a certain amount of manipula- 
g them into reasonable conformity with this requirement. In the case 

i es used (up to about thirty 


times t i 
салате threshold value) were occasionally missed. In fact, above the apparent 
any, relati region the probability of seeing а stimulus could be seen to have little, if 
ion to its magnitude. Doubtless the reason was something like inattention 
{ the order of 0:9), and 


ОГ confusi 
? E 
Was lon. These probabilities were estimated (they were of the 0 
ally responding to a given stimulus was 
s threshold and 


assu; 
the Ta that the probability of actu 
of the probability of its being above the instantaneou 


e use of all the data, and of reducing 
y; indeed, where the stimuli 
bers of times, the work 
Unfortunately 
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that of the subject being in a suitable state to respond to any stimulus. Thence a 
correction to the observed probabilities over the whole range of stimuli (for each 
initial velocity) was obtained, having the effect of increasing them by some то per 
cent. (except, of course, those that were already unity). 

In the oscilloscope experiments it was necessary to correct the observed frequencies 
for chance guessing. The responses to the blank stimuli were used for this purpose; 
they showed a strong over-all preference for “slower” rather than "faster," to the 
extent of nearly 75 per cent. in one particular condition. Had the conventional 
assumption of an equal chance of guessing one or the other been used the results 
would have been grossly distorted. 

With the two-category technique it is, of course, impossible to give a stimulus 
so small that it can be said with certainty to be never seen. The correction for 
chance guessing can, at best, only be right on the average. Taking all the oscilloscope 
data for the smallest velocity change (2:5 per cent.), an appreciable but not significant 
preponderance of correct reports was found. There were several individual cases of 
highly significant frequencies of correct responses to this small stimulus, but that is 
natural in any large collection of data, and need not indicate any real effect. How- 
ever, the unavoidable result was that the corrected frequency of perception of the 
smallest stimulus was sometimes positive and sometimes negative, but seldom 
zero; hence the conditions for computing the Mean Threshold by the method chosen 
were not exactly satisfied. The thresholds, as finally calculated, are therefore 
probably a little too large, but the error is certainly very small. 

Theoretically, it is possible to estimate the standard error of the Mean Threshold, 
since the variable term in the formula is essentially the sum of a number of binomially- 
distributed quantities. But it appeared that there were difficulties in applying the 
method usefully to the present case, and it was thought that, as a number of thresholds 
were calculated, the variability would be sufficiently evident for practical purposes 

The Mean Thresholds obtained with the "drum" method are given below (Table J), 
in percentages of the initial velocities. The latter are in degrees per second at the 
eye, and are group means. 


TABLE I 
Initial velocity is a| -OTi 0:38 0.77 1:28 2:31 418 
Mean Threshold (per cent.) 133 41 46 31 21 12 


The only interest lying in these figures concerns their marked disagreement with 
those obtained by the oscilloscope method, which are given below (Table II). It 
can be seen that the tendency to miss perceptible stimuli is very great at the lowest 
speed, but declines rapidly as the speed is increased, until, in the region of 4 degrees 
per second, it is inappreciable. The reason is probably that, at the higher speeds 
the spot made a succession of fairly rapid sweeps across the display, and the subject 
properly inferred that a velocity change would occur somewhere in each sweep. 
Consequently he had a clear warning signal, and, in addition, the circumstances 
would favour an attitude approaching that of forced guessing. At the low speeds, 
on the other hand, the spot drifted slowly across, suffering a number of velocity 
changes in its course, and the subject might be both less attentive at the relevant 
instants and more inclined to wait for an unmistakable stimulus before responding- 
This was one reason for repeating the experiment with the oscilloscope apparatus. 
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With the drum method there were 29 responses in the wrong direction out ofa 
total of 962 (3 per cent.). A significant majority of these wrong movements were in 
response to the second of a pair of stimuli, both of the same direction. Since there 
was only one case of two wrong responses in the same direction, it is likely that 
the principal cause of wrong responses here was a tendency not to do the same thing 
twice in succession, as found by Thorndike (1927) and Telford (1931) among others. 


TABLE П 
MEAN THRESHOLDS AS PERCENTAGES OF INITIAL VELOCITIES, FROM OscILLOSCOPE DATA 
(Degrees per second at Eye) 


(a) Single Spot: Velocity Increment. 


Initial velocity sh 00815 0:35 0:81 I'31 2:64 5:69 10:25 

Mean Threshold .. 12:6 9'9 g'o 9:6 9:6 16:0 13:2 
(b) Single Spot : Velocity Decrement. | 

Mean Threshold .. 15:0 14:7 144 135 93 12:2 20:0 
(c) Double Spot (Converging) : Increment. 

Mean Threshold .. 175 15:2 114 8-3 72 117 20:8 
(d) Double Spot (Converging) : Decrement. 

Mean Threshold .. 14°6 13:8 17:9 18-1 19:9 19:3 19:I 
(e) Double Spot (Diverging) : 1 ncrement. 

Mean Threshold .. 22:1 — 21:2 — 14:9 — 19:3 
(f) Double Spot (Diverging) : Decrement. 

Mean Threshold .. 1277 — 13:4 — 11:4 = 12:9 
(g) Double Spot (Crossing) : Increment. 

Mean Threshold .. 1771 — 13:3 — 13:7 — 107 
(л) Double Spot (Crossing) : Decrement. 

Mean Threshold .. 15:9 — 13:6 — 10:6 — 10:9 


Table II shows that the Mean Threshold obeys Weber's law approximately, the 
principal divergence from the law appearing, in most of the conditions tried, as an 
increase of the threshold at both ends of the range of initial speeds. This very 
common finding is clearly inevitable in the present case if the range is extensive 
enough. Very slow motion, as of the hand of a clock, ceases to be appreciated as 
such, and the only perceptible change of velocity is one which raises the velocity 
to the level of being detectable as velocity, and this could be a very large relative 
increase. Decreases are only perceptible in terms of remembered. displacements 
and time intervals, one or both being necessarily liable to large error. Very fast 
motion likewise ceases to be appreciable as motion. It is true that, in these experi- 
ments, the extremes were not reached, but it appears that they were approached. 
At the lowest speed the spot did appear motionless at a casual glance; while, at the 
highest speed, the limitation may, as discussed below, have been the short time 
during which the spot was in view. 

The results from the single-spot experiment indicate that the threshold is in 
the region of 12 per cent. of the initial velocity; this is confirmed by the appropriate 
portion of the data from the subsequent reduced-apérture tests, and may, therefore, 
be taken as reasonably reliable. With the double spot, however, the results in the 
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various conditions are somewhat divergent, and it is difficult to know how to interpret 
them. There is some general tendency for the thresholds to be higher than with 
the single spot; in this connection it is interesting to note that most subjects con- 
centrated on one spot, the other being regarded as more or less confusing and 
distracting. То have looked at both would have been, in effect, to employ parafoveal 
vision, which is usually said to be more sensitive to movement than foveal vision; 
but the latter may be found to be a better detector of change of velocity—in other 
words, a better measurer of a velocity that is well above threshold in absolute 


magnitude. The present results only raise this question, of course; they do not 
` answer it. ; 


А clearer picture of the effects of the different conditions is obtained when the 
figures for increments and decrements are pooled, as in Table III. 


TABLE III 


Initial velocity .. O'I5 0:35 0:81 ІЗІ 2:64 5:69 10:25" 


(а) Single Spot. 
Mean Threshold .. 13:8 12:3 iro 11:6 9'5 141 16:6 


(b) Double Spot—converging. 
Mean Threshold .. 16:1 14:5 14:7 13:2 13:6 15:5 20:0 


(c) Double Spot—diverging. 
Mean Threshold ., 174 — 17:3 = 13:2 = 16:1 


(d) Double Spot—crossing point. 
Mean Threshold .. 16:5 — 13:5 


The probabilities of guessing "faster," as estimated from the responses to the 
blank stimuli, were, for the various conditions:— 


р ii cec a NM 


(a) and (b) (c) and (4) (е) and (f) (g) and (h) 


0'32 0'45 0:25 0:46 


Of these, 0:45 and 0:25 differ significantly at the o:5 per cent. level, and the other 
possible pairs (except 0:45 and 0-46) also differ significantly, though less so. Since 
the same subjects were used in conditions (а) to (4), and some of them performed 
in the other conditions as well, the differences cannot be attributed to personal 
idiosyncrasies. The cause must presumably have to do with the different conditions, 
but what it is can only be conjectured. Naturally, when a subject is asked to arrive 
at a decision, all rational grounds for it having been carefully removed, he must 
base it on irrational grounds—on such symbolic suggestions as he may be able to 
glean from the total situation. It is always of interest when such suggestions are 
found to operate in the Same way on the majority of subjects. It may be noted 
that 289 of the total of 805 blanks were guessed as "'faster," which is so much less 
than the pure chance expectation as to be far beyond the range of the usual table 
of 2. Yet the 2-5 per cent. increase of velocity was correctly reported 98 times 
out of 184, which indicates, with a significance better than o-1 per cent., that even 
this small change is capable of reaching the cerebral apparatus. 


à 
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IV 
DISCUSSION 


These results illustrate the advantages and disadvantages of the two-category 
or forced-guessing method. It eliminates the very uncertain factor of the degree of 
confidence the subject requires in his judgments before he will admit that they are 
"conscious." It would be better if we could control, or at least measure, this factor. 
But eliminating it has the justification that many of the judgments made in the 


course of a skilled activity are not conscious; in fact, the circumstances must often 


amount to a requirement for forced-guessing. The over-all performance must be 


considerably affected by judgments which, if they were made in isolation in experi- 
mental conditions, the individual would have no subjective confidence in, but which, 
on the whole, are more often right than wrong. 

Then, behind this, there is the prevalent notion that there is a real physiological 
threshold, towards which observed thresholds tend with long practice. Many 
elementary physiological experiments and demonstrations have contributed to this 
notion, which implies that the nervous system is a true ankylotic system, with some- 
thing approaching an absolute discontinuity between adequate and inadequate 
stimuli. On the other hand, experiments of the kind described here suggest that, 
if there is а definite physiological threshold, it is sometimes very far below what 
would normally be called the psychological threshold. It is possible that even the 
smallest stimulus, provided it has a real physical existence—i.e. contains at least 
one quantum of energy—is capable of producing a bias towards making the correct 
response. The bias may be extremely small, and yet produce a significant effect 
in a long enough series of trials. It has been argued by de Vries (1948) that sensory 
cells and nerve fibres are as sensitive as it is possible for them to be without suffering 
an undue number of spontaneous excitations. И this is so—or, indeed, if it be 
accepted that spontaneous excitations, due to random processes at the molecular 
level, do occur—it follows that a stimulus too small to discharge a cell when it is 
in its average condition will, nevertheless, slightly increase the probability of excita- 
tion. It is evident, of course, that even if a sensory cell succeeds in discharging, 
the resulting signal has to run the gauntlet of many other randomizing processes 


before it eventually finds expression in activity. 
It remains an open question why a large or relatively unmistakable stimulus 


gives rise to a conscious sensation of having responded correctly, while a very small 
stimulus, even when it evokes the correct response, leaves the subject feeling that 
he has made a pure guess. А reasonable hypothesis seems to be that the deciding 
factor is immediate memory ; if the subject's memory image of the stimulus suggests 
to him the same response as the one he actually made, he may fairly conclude that 
he was right; but a very small stimulus may produce а trace which is obliterated 
almost at once, leaving the subject unable to decide whether he really perceived it 
or not. The alternative possibility that the feeling of confidence does not have to 
await this review of the memory image, but is born with the response, and that the 
image is only à kind of rationalization projected into the past, is probably only an 
apparent alternative—another way of saying the same thing. The fact that memory 
images in general can be searched for details not originally asked for does not help, 
because it can always be argued that these details caused changes of attitude or 
"set" which, though not visible, were just as much entitled to be called responses 
as the overt movement. Although the writer believes that this kind of argument 
can be fitted into a consistent system, the cornersfone of which is the thesis that 
knowledge is fundamentally operational in character, it is unnecessary to pursue 
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the matter here; in any case, the question raised is possibly not one that experimental 
psychology, as such, can answer. Even the fact that, in the present experiments, 


"easy" stimuli were usually responded to in a loud and cheerful voice, contrasting | 


with the dull monotone evoked by the more difficult ones, means little more than that 
different stimuli produced different responses. 


FIGURE т 


onses to the 


With regard to the reaction time records, the principal finding was tae usual oi.- 
that the more difficult the stimulus the longer was the reaction time. Аз explained 
above, the reaction times were calculated from the "drum" data, only those for the 
correct responses being taken account of. On the whole, the times were longer for 
the initial velocities, which accords with the higher thresholds observed in these 
conditions. Mean reaction times varied from 2°т seconds to 0-38 seconds. The 
actual figures do not appear to convey any important information, and are therefore 
omitted. 

The essence of the results obtained in the reduced-aperture experiment is given 
in the diagram. The velocity change was set at approximately 12 per cent., this 
being about the value which would result in something like 50 per cent. of correct 
perceptions—i.e. it was near the Mean Threshold—and would therefore be expected 
to yield the most information. Eight subjects were used, and the technique was 
that of forced-guessing, as before. Starting with the largest aperture the subjects 
were given equal number of ihcrements and decrements at each initial velocity, 
starting with the lowest; in other words, the initial velocities were presented in 


j 
= 
| 


3 
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ascending order, and repeated at each aperture, the latter being in descending order. 
Theoretically, a fully randomized order would have been better, but there were several 
practical objections. Ir the first place all these tests were monotonous and fatiguing 
to the eyes, and the forced-guessing procedure is an unsatisfying one to the subject; 
from preliminary trials it seemed that a regular progress from the easier to the more 
difficult was the least disturbing to the subjects, and the most likely to secure their 
co-operation. 

It was assumed that, since incremental and decremental stimuli were pooled, 
random guessing would be unbiassed. The excess of right answers over 50 per cent. 
was therefore taken as representing the number of correct perceptions; for example, 
if 75 per cent. of the stimuli were correctly reported, this was plotted as 50 per cent. 
Thus, the ordinates of the curves represent the percentages of supposedly correct 
perceptions. The curves would, of course, have been of exactly the same shape if 


the data had been left in the crude state; only the range would have been from 


50 to roo instead of from o to 100. Each marked ordinate represents a percentage 


derived from about 60 actual responses. > 
It can be seen that the effect of the reduced aperture only becomes noticeable 


at the bottom right-hand corner—i.e. at the highest speeds and smallest apertures. 
The curved lines marked in seconds are iso-exposure lines, and there is some suggestion 
that exposures below 0:5 second were beginning to cause difficulty. It is evident 
that aperture alone does not affect performance; nor does speed alone. Exposure 
is the most likely simple combination of the two, and on the present data it is 


impossible to go further than that. 

In conclusion, it is desired to thank Dr. J. A. V. Bates and Dr. A. Carpenter 
for assistance with the electronic apparatus, and Mr. D. C. Fraser for carrying out 
some of the earlier tests. 
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_ PROCEEDINGS OF THE EXPERIMENTAL PSYCHOLOGY 
GROUP 1948-9 


April 24-25, 1948. Extended Meeting at Cambridge. 1s! Session; Symposium on 
Artistic Expression in Relation to Mental Disorders, by E. B. Davies (by invitation), 
С. Westby (by invitation) and К. W. Pickford. 2nd Session : "Parallels between 
the Conditioned Reflex and the Phi-Phenomenon,” by George Humphrey (by invita- 
tion). 3rd Session : "Experiments on Repeated Testing of Intelligence," by A. W. 
Heim. “Preliminary Studies of the Changes in Skilled Performance associated with 
Increasing Age,” by A. T. Welford. 


July 24, 1948. Social Meeting in Edinburgh for Members and Guests attending the 12th 
International Congress of Psychology. 


December 4, 1948. (London): “Some Experiments on the Visual Perception of Size,” 
by R- В. Јоупѕоп. ''Non-Verbal Reasoning in Cases of Cerebral Lesion,” by А. E- 
adden. v 


January 8, 1949. 2nd Annual General Meeting in London. ‘The Functional Significance 
of Electrical Systems in the Brain," by W. Grey Walter (by invitation). 


March 30-31, 1949. Extended Meeting at Oxford. 15 Session: "Form Perception in 
Dark Adapted Vision," by B. Semeonoff. 2nd Session : Symposium on Prefronta! 
Leucotomy and Related Problems, by C. W. M. Whitty, P. Glees and MacDonald Tow 
(all by invitation). 3rd Session : "Experimental Sensory Dissociation," by D. (Co 
Sinclair (by invitation). "Apparent Fluctuations in a Sensory Threshold," bY 
R. C. Oldfield. 


July 23, 1949. Meeting at Cambridge in association with Symposium on Animal 
Behaviour arranged by the Society for Experimental Biology and the Institute 
for the Study of Animal Behaviour. rst Session: “Researches at the Yerkes 
Laboratory of Primate Biology,” by K. S. Lashley (by invitation), ‘Perception 
and Insight," by K. S. Lorenz (by invitation). 2nd Session : Short interim repor? 
of work in progress at the Cambridge Psychological Laboratory, by Nancy Harris 
P. H. R. James, C. Poulton and C. B. Gibbs (all by invitation). | 

September 15-16, 1949. (Oxford): rst Session : “Work in Progress at the Psychological 
Department of the National Hospital, Queen Square: An Informal Review,” , 
Alo McFie (by invitation), M. F. Piercy (by invitation) and O. L. Zangwill. 2n 
Session : “Cybernetics: How Nervous Structures have Ideas," by W. S. McCulloch 


(by invitation), followed by Discussion. 3rd Sessi т es of Assurance 
by B. Babington Smith. 5 E. Seu 
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how how one experience may exert an 


_ Ап exploratory experiment was made to S c 
influence upon the recall of another, and how both may lose their separate identities 
in memory, to become merged into what Bartlett has described as an active organization 
ofrelated experiences. The original material was а story, and the experience interpolated 
between itand its recall was a picture which illustrated part of it, in some respects correctly, 
in others incorrectly. Some subjects were asked to recall the story, others the picture, 
after from one to four weeks, or in a few cases à year. 
The picture was viewed under the influence of the attitudes induced by the story. 
These determined its selection from a number of other unrelated pictures, to be perceived 
^ as a related experience. In consequence only few details gained attention, and these 
were interpreted in terms of the attitudes induced by the story, in:some cases contrary 
to the meaning given to them by the rest of the picture. Other details without significance 
in the theme of the story were neglected. In its turn, seeing the picture favoured the 
recall of some aspects of the theme of the story, details not reinforced by the picture 
tending to be left out in recall. Many picture details intruded into the reproductions 
of the story. , This tendency was progressive, and at the end of a year picture and story 
details were not separated. Especially, the picture brought about changes in the 
points of emphasis in the story. 


Ras 


I 
INTRODUCTION 


4 Тнк essence of Bartlett's theory of remembering is the idea that past experience 
operates as “ап organized mass rather than as a group of elements each of which 
. retains its specific character” (Bartlett, 1932). Experiences are retained in memory 
in the form of active organizations Or schemata, а schema being a reification of 
experience conceived of as a plastic model which is reshaped by every new experience 
related to it. Schemata may be partially independent of one another, but tend to 
overlap and fuse. 
The several expe 


riments which he describes justify Bartlett's view of memories 
as constructions of related experiences undergoing continuous modification. Yet 
it cannot be denied that the memories of some experiences remain discrete, or at 
least relatively independent of one another, fixed and uncontaminated, as, e.g., the 
theory of Freud requires; for even if the clinical evidence is discounted—and this 
would hardly be reasonable—there are in everyone's personal experience impressive 
examples of events, usually of some special significance, which have resisted assimila- 

nce, and some aspects of which remain capable of relatively 


^ tion into general experie 
accurate or “literal” recall even after the passage of many years, 
43 
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The theories of Bartlett and Freud are not incompatible with one. another in 
this respect. Indeed, although this point has often been missed, Freud (e.g., 1892, 
pp. 29-34) emphasized the special character of the memories which give rise to 
hysterical phenomena. Thus he remarked upon their "wonderful freshness,” 
"astonishing integrity and intensity of feeling" and ‘‘their exceptional fate in 
reference to all the ordinary processes of effacement,” and suggested that they are 
“preserved with such freshness and affective force because the normal process of 
absorption by abreaction and by reproduction in a state of unrestrained association 
is denied them." On the other hand, he argued, the more usual process is for a 
memory to become “merged into the great complex of associations," and then to 
become “ranged alongside of other experiences which perhaps contradict it; thus 
it undergoes correction by means of other ideas.” 

It is pertinent therefore to enquire further into the conditions which favour 
the preservation in memory of the separate identity of an experience, or its merging 
into an "active organization" or " complex of associations" of related experiences. 
Before the attempt is made to overcome the difficulties of a direct experiment d 
approach, however, the problem requires clearer definition, and in our opinion there 
is a need for a number of exploratory experiments. Accordingly, we have made 
several experiments to test the influence of interpolated material of various kinds 
upon the reproduction of an original experience. The present paper describes 
a study of this influence when the original material was a story and the interpolated 
material a picture which illustrated part of the story (though not being in complete 
agreement in every detail). Some subjects were asked to recall the story, and others 


the picture. The investigation was intended to throw light on the manner of récall 
and the kind of items recalled. 


п 
MATERIAL AND PROCEDURE 

The story and picture were so chosen that the picture was relevant to, and could be 
expected to exert a big influence upon the recall of the Story. The picture was а coloured 
postcard reproduction of Pieter Breughel's painting, “The Village Wedding," with 
which, although it is famous, our subjects were not familiar. Around the scene there 
depicted was written in a pompous style a story of about 750 words, partially descriptive 
and partially episodic. This story (which is printed as an appendix) gave to the scene 
of conviviality a. significance quite different from that which the painter intended; its 
first part described a feud between two families and their reconciliation in the betroth 
of the son of one with the daughter of the other; its latter part, a wedding feast, some 
details from the picture being rendered correctly, some being hinted at,'some being 
deliberately misrepresented and others being left out; in this part of the story mention 
was made of several untoward incidents which nearly led to a revival of the feud. 

The subjects were university students. They were divided into four groups, who 
were treated according to the plan shown in Table I. Of subordinate interest was the 


TABLE I 


PLAN OF THE EXPERIMENT 
nmt 
а IUE RENE SNNT ИЕ С 


. _ Ist day, 4th day yth to 28th day 
original experience interpolated experience recall о 
Group А (21) .. -.| Reading of story Presentation of picture Story 
Group B (28) .. яа Reading of story ЗЕ Story 
Group C (7) Reading of story Presentation of picture Picture 
Group D (7) T ‘| Presentation of picture Picture 
e 


The number of subjects is given in brackets. 


-for instance, “I was look 
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comparison of the recall of the picture in Groups C and D, which showed how the story 
had influenced the perception and recall of the picture. Comparison of the recall by 
Groups А and B showed how the picture thus perceived then influenced the recall of 
the story. 

In some respect this plan was similar to that of the experiments on the so-called 
retroactive inhibition of one habit by another. Our main concern was with the influence 
of the interpolated material upon the recall of the original material, and this may be 
thought of as akin to the influence of the performance of one habit upon the subsequent 
performance of another, when the two habits are similar in some respects. Then facilita- 
tion (positive transfer) or interference (negative transfer) is looked for. Only one overall 
measure of the performance has been obtained in the majori of experiments on this 
topic. In our experiment, however, the recall of picture ог $ 
qualitative than quantitative manner, to show in what respec 
and in what respects interference, and, furthermore, to what degree 
of the components of the one into the other. 

The procedure was rather more complicated than the foregoing description indicates, 
for “The Village Wedding" was presented with six other unrelated pictures as part of 
a quasi-recognition test. The reason for this was twofold: to disguise the 
ofthe experiment; to obtain collateral information about the interaction 0: 
story. Three or four days after the story was read before Groups A, B an 
subject of Groups А and C was shown the seven pos entify the.one 
which depicted a scene described in the story. All the postcard 
paintings in colour. Although several of the other postcards showed rural scenes of 
festivities, every subject picked out “The Village Wedding," as had been expected. 


He was then given brief opportunity to examine it. The subjects of 
were then asked to recall the story on one occasion only, but at intervals varying from 
immediately to more than three weeks. Those of Group C were asked to recall the 
picture at similar intervals. Those of Group D, before whom the story was not read, 
were shown “The Village Wedding" by itself and were then treated in the same way 
as were those of Group C. Throughout, theinstructions to the subjects were framed 
in such a way that, although the immediate demands were clear, there were no grounds 


for anticipating what would be required of them on later occasions. 


III 
RESULTS 


(i) Perception of, the Picture. 

Before coming to the effects of the picture on the recall of the story, it is necessary 
to comment upon the effects of the story on the perception and recall of the picture. 

The story seemed to create certain expectations which served as a frame of 
reference for the perception of the picture. Thus when presented with the seven 
postcards, most subjects looked for a scene of a certain kind only; one subject said, 
ing for a feast in a rustic setting." They had a general 
1 of what the picture was going to be like, and on that basis “The Village 
out at once by some process of immediate matching; 
it was recognized at once a5 being relevant to the story and as complying with 
expectations. Similarly, several of the postcards were rejected immediately as 
“irrelevant” or as not having the right “ atmosphere.” A reproduction of a painting 
by Toulouse-Lautrec, for instance, was usually rejected quickly, even scornfully, 
as “too modern” or as ^ obviously French.” Of interest was this reason for rejecting 
the same picture, “the dress and atmosphere do not fit,” for nothing in the story, 
defined the dress directly, although all would agree that the dress in Toulouse- 
Lautrec’s picture would be out of keeping with such a peasant affair as the story 
described. Sometimes one other postcard was picked out for more careful con- 
sideration because it showed the right kind of scene; this was Pieter Breughel's 
“The Peasant Dance.” It was then discarded, either because some -detail was 


impressior 
Wedding" was often picked 
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incompatible with the story, e.g. the scene is an out-of-doors one, or because 
“The Village Wedding" was preferred, this picture containing details which had 
been mentioned in the story. ү 

“Тһе Village Wedding" having been chosen in this way, on the basis of general 
impression, subjects then usually confirmed their decision by looking for details 
mentioned in the story and expressed their confidence as soon as they had found 
them. Three details especially served this purpose: “pitchers of wine being filled,’ 
“crossed sheaves of corn” and “two servants bearing ash staves.” These details 
were mentioned in the story, the latter two having a special significance in its theme. 
The former two were fairly prominent in the picture. With the last there commonly 
occurred a false perception; the two servants bearing ash staves being identified 
in the picture with what the subjects who had not heard the story described more 
correctly as “musicians” or sometimes as '' bag-pipers."' > 

In the majority of subjects, general impression played the primary, and details 
a secondary róle in the selection of “Тһе Village Wedding.” Details determined 
the immediate choice in rather less than one-third of our subjects. Even these 
subjects, however, who employed a distinctly analytic method discarded other pictures 
on a basis of general impression. Some subjects expected to see certain details, 
which, as it happened, were absent from “The Village Wedding” and had imagined 
a scene with different detail; nevertheless they chose "The Village Wedding " and 
felt little doubt of the correctness of the choice, although they might express 
annoyance at the discrepancies between expectation and actuality. 


Recall of the Picture.—The subjects who had heard the story tended to recall ` 


those details in the picture which had played an important róle in the story, and 
which were easily located in the picture. On the other hand, details equally 
prominent in the picture, but not mentioned in the story, were not recalled at all 
or, if they were recalled, were treated as accessory. Many of these subjects clearly 
indicated in their reports that once “The Village Wedding” had been chosen, ап 
the choice verified by one or more details, they had hardly bothered to examine 
the picture carefully. They interpreted the few details of the picture, which gained 
their attention, ascribing to them qualities derived from the story, e.g. a bridegroom 
was often identified, "sitting in the place of honour” and "appearing sad an 
downcast"; and they recalled those details for which the story had provided an 
interpretation. 

Those who had not heard the story tended merely to enumerate the details of 
the picture, and their reports revealed careful and minute observation of detail. 
The number of subjects in Groups C and D was too small for quantitative comparisons 
to yield significant results, but there was little doubt that, considered from the 
point of view of the number of items recalled, those who had heard the story БАУ@ 
poorer accounts of the picture than those who had not heard the story; i.e., in respec 
of the number of items, hearing the story was a handicap in the recall of the picture- 


(ii) Recall of the Story. 
(a) Amount of Recall.—In order to obtain a quantitative estimate of the amount 


of recall, the original story was divided up arbitrarily into about 120 items (as has ^ 
' been done in the appendix), and a similar enumeration of items was carried out for 


each reproduction. Each item in a reproduction was examined with reference to 
the original story and then cJassified. The method was crude, but was regarde 

as sufficient for its purpose. It was found that the reproductions of those to whom 
the picture:had been shown (Group A) contained more items than did those of the 
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The size of the difference between Groups A and B 
The story was divided into two parts: 
leading up to the wedding feast; 


1 other subjects (Group B). 
— is shown by the facts presented in Table II. 
the antecedent part which comprised the incidents 


TABLE II | 


MEDIAN NUMBER OF ITEMS RECALLED IN EACH SuB-GROUP—WHOLE STORY 


Recall after Recall after 
less than 8 days 21-28 days 


Group A T E 14 
Group В ies m sa 45 2 
For the т correlation, Pis. : 0:005 


* The method of Whitfield (1947), was used for the calculation of probability, and 
median scores are cited here, for this method allowed the combination of several sub- 


groups differing in the interval before recall. 


and the main part, the description of the feast itself. Аз might be expected, the 
interpolated experience favoured the recall of the main rather than the antecedent 


part (Table III). 
TABLE Ш 


MEDIAN NUMBER OF Ттем$ RECALLED IN EacH SUB-GROUP— 
(1) ANTECEDENT AND (2) Маіх PARTS SEPARATELY 


Recall after Recall after 
| less than 8 days 21-28 days 
В ME ce 
(и (2) ) (2) 
Group А s s. is 15 35 14 29 
Group B S A oe 16 29 8 16 
For the т correlation, Pis .. — O'OI — 


accurately recalled, simply transformed or distorted details, with counterparts in 
Р" the original; importations, without counterparts in the original А large part, 
le of the difference between Groups А and B in the number of items 


d to be due to the larger number of importations іп Group А. 


| (b) I mportations.—The items in each reproduction were divided into two classes: 


but not the who 
recalled was foun 


| 
TABLE IV 
R OF IMPORTATIONS іч ЕАсн 5 


MEDIAN NUMBE 'UB-GROUP 


For the т correlation, 
Recall after interval x number of 
21-28 days importations, P is 


Recall after 
less than 8 days 


"Group A .. А 7 i о`от 
L Group B .. К x 4 0:05 
{+ For the + correlation, 
1 group x number of 


importations, P is 


48 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


Of these importations the majority were intrusions, i.e. details derived from. the 
picture. Intrusions are one of three types of importation, the other two types being 
inventions and rationalizations. The three types have been treated together in 
Table IV, from which it will be seen that: 


(i) In recall after less than 8 days the difference between Groups A and B 
is not significant. 


(ii) In both groups there were more importations in recall after 21 days than 
'after less than 8 days. 


(iii) In recall after 21 days there were more importations in Group А than B. 


These results are in agreement with the finding of Bartlett that, "the tendency 
to invent or to import new material from a different setting may increase 
considerably with lapse of time." 


(c) Mode of Recall—tThe recall of those who had not seen the picture tended 
to be of the sequential type; і.е. they reported merely a chain of events with à 
minimum of circumstantial detail. Also, they tended to use condensed or com- 
pressed forms of expression; for instance, in describing the main theme of the story, 
they used such expressions as “regaled with truly magnificent feast," “there was 
much feasting and merrymaking” and "the scene was a merry one.” In contrast, 
the recall of those who had scen the picture was fuller and more graphic, e.g. “ there 
were two long tables (intrusion); at one sat the two families, at the other the visitors 
(invention)”: "Plates upon plates of food were brought (accurate recall)": "The 
servants stood oafishly eyeing the good things before them (intrusion and distortion)”: 
"with stupid faces and mouths oafishly hanging down (distortion).” 

In commenting upon their recall of the story, subjects reported what they had 
considered to be the crucial details, and from what, in the manner described by 
Bartlett, they had reconstructed the story. Those who had not seen the picture 
tended to mention as dominant details items from the antecedent part, e.g. the 
family feud, the straying of the sheep and the death of the father. On the other 
hand, domiinant details were drawn more often from the main part of the story 
by those who had seen the picture, e.g. the crossed sheaves of corn and the entry 
of servants bearing staves. Thus the interpolated experience caused a redistribution 
and reshuffling of the points of emphasis in recall. 


(d) Fate of Certain Details —Two details especially were important to the theme 


of the story and were also prominent in the picture; these were: "crossed sheaves , 


of corn” and “two servants bearing ash staves.” The subjects who had seen the 


picture recalled the former almost invariably, and the latter frequently, but these. 
details tended to drop out of the recall of the other subjects, being recalled after :, 
2x days by less than half and less than one-fifth of them respectively. If they were. i 


recalled by these subjects, they were often distorted; e.g. “crossed sheaves of corn ; 


were recalled as “a family crest" and on one occasion even аз “on the wall there - 


hung a sheep which everyone suspected was the stolen sheep." Thus some salient 
details were accentuated by the interpolated experience. | 
Other circumstantial details, such as “pitchers being filled with wine,” which 
were often remarked upon in the picture, and which contributed in the story only 
to the atmosphere of feasting and gaiety, were included only occasionally in repro- 
ductions of the story. Even then they were remembered as picture details. 


Recall After One Year.—A year after the reading of the story the nine subjects 
of Group A and the seven of Group B who were still available were asked to rec 


4 
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Lee nd could of the story. They were instructed to report what they 
t s it came along, and not to think it over and then present it in a coherent 
T sd the number of items recalled there was no longer a difference which could 

regarded as significant, but the preferential recall of primary details was still to 


he 8 : Е 
noted in those who had seen the picture; for instance, “crossed sheaves of corn” 


were recalled by all but one of these subjects, but were omitted altogether or grossly 


contasen by the other subjects. These tended first to recall the “long-standing 
amily feud,” in such terms as “a common tale of family feud and killing in a 
pae society " or as “а Romeo and Juliet story," and this part of the theme 
i Aes ay on which the rest of the story was reconstructed. On the other hand, 
nn ee of those who had seen the picture the main stress fell on the wedding 
Soe an peany all of them referred to the picture as a first and dominant 

sociation; as one subject said, “the picture created a sort of setting and was the 


starting-point for the remembering of the story.” 
b a said that they could remember the picture better than thestory. Generally 
ibjects could not decide whether a detail which had been recalled came from the 
picture details appearing as 


тонша or the story, and mistakes were numerous, р! т 
er abe in the recall of the story, е.5. “Jabourers with coloured hats"; "image 
Thes 3 n 8 carrying plates on a tray ; “sheaves hanging on the wall over a table.” 

se examples illustrate a confusion of picture and story details which was typical. 


IV 
DISCUSSION 


demonstration of the influence of one 


The story was written and presented in 
d its distinction from 
ts, as has been said, 


n Du experiment provided a realistic 
a E upon the recall of another. 
ЧЕН intended to give it emphasis and character and to ai 
ees shal under experimental control In other respec? А 

am is x : picture were deliberately chosen to favour their merging with one another 
in eds d and several devices in the framing of the instructions to the subjects 
Me RM for this purpose. As would be expected, these intentions were not 
WE completely. Although this aspect of the results has not been dealt with, 
З Story did not escape the influence of the stream of experiences which preceded 
and succeeded it, and into which the experiment was inserted, for the recall of the 
subjects of both groups, A and B, showed much transformation and rationalization 


from this cause. Again, the picture and story Were not entirely assimilated into 
one another, and each retained some degree of separate identity. 
Y „Now it can readily be demonstrated that under conditions, other than those 
Br b.e 

теа out contamination of each other: : I D з, 
DD d caused the postcards to be viewed with the expectation that at least one 
gees Sin would be related to the story. As a result six postcards were looked at 
m c and rejected as unrelated; they exerted no detectable influence upon the 
is лаві recall of the story. “Тһе Village Wedding," however, was recognized 

relevant to the story and was examined under the influence of the attitudes 


Eom by it. Being evoked, these attitudes became modified by the picture; 
us modified, they governed the subsequent recall of both picture and story. 


e та evolution of attitudes in such processes as these may perhaps be conceived 
s akin to the shaping of a skilled response by every new situation which evokes it. 
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If there is indeed а parallelism between the evolution of the attitudes governing 
perception and recall and the development of a skill, it is not surprising that neither 
the original attitudes nor the experiences can be recalled unmodified by subsequent 
experiences. At any rate, neither picture nor story could be recalled in our experi- 
ment, even after the shorter intervals, in anything like the forms which they would 
have taken, had they been independent of one another. No theory of remembering 
would be satisfactory, therefore, which treated them as independent experiences 
with a separate identity in memory. In the terms of Bartlett's theory, however, 
they may be held to have been retained in memory, each as a part of an actively- 
organized setting, the schemata representing them becoming closely connected to 
one another and compounded to a degree increasing with passage of time. The 
progressiveness of the fusion of the experiences argues against any theory which 
treats the reorganization of memories as similar to the reorganization oi a con- 
figuration with the addition or substraction of an element. Evidence for this 
progressiveness is found in the comparison of recall after less than 8 days with 
that after 21-28 days, and with that after a year, when it seemed that picture and 
story had become inextricably mixed with one another. 

Comments may now be made upon the nature of the interaction between the 
two experiences. Undoubtedly the effect of the Story on the perception and recall 
of the picture was due to its verbal character as well as to its precedence in time. 
“ Vocalization," Bartlett states, “favours the classification of presented material 
according to some rule or idée directrice," Our findings showed this tendency to 
be an important one. “The Village Wedding" was selected because its features 
complied with the general impressions which the story had created. So far 85 
they can be conveyed in a few words, these impressions were: feud, smouldering 
enmity, uneasy truce, conviviality, in a rustic, possibly Flemish setting. “The 
Village Wedding” served as a representative of this general class of scenes, being 
identified as the correct representative because of the congruence of certain details, 


such as the crossed sheaves of corn. The story thus provided modes of abstraction; 


or principles of organization, which caused the features of the picture to be interprete 
in terms of concepts of feud, disorderliness, conviviality, and the like. These 
concepts were not available to the subjects of Group B, who enumerated the 
particulars of the picture without generalization. №. , 
Another aspect of this effect of story on picture is of interest. Whereas the scene 
portrayed by, “The Village Wedding" is usually regarded as one of gaiety, iis 
story suggested it to be one of restlessness and suppressed excitement. Subjects 
could not rid themselves of this impression, although they might be aware of its 
origin and falseness. This tendentious attitude was stabilized and perpetuated 19 
some degree by misinterpretations for which it was itself responsible; for instance 
innocent and harmless musicians were perceived as servants threatening with weapons, 
and the throng at the back of the room was taken to be an unruly one. Р robably 
misinterpretations of this kind have counterparts in everyday life, e.g. in rumours 
and paranoid ideas, when they corroborate or even enhance attitudes which have 
been adopted as the result of an experience of some special significance. Nevert cA 
less, although sustained to some degree by misinterpretations, the impressions g 
feud and disorderliness were weakened by the picture, for those who had seen 1 
emphasísed conviviality, rather than feud and enmity, in their subsequent rec?" 
In its turn the picture had thus a considerable effect upon the recall of the story: 
Not only did it bring about & change in emphasis, but it also facilitated the Te“ 
of some features, led to the neglect of others and brought about intrusion of 1 


1 


‘two families | by marriage. | Martin Weyden accepted the ge 


occasion demanded, | but in a promin 
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details. Possibly some of these results came about the more readily because it 
favoured the use of visual imagery rather than language; to this tendency may have 
been due the large number of intrusions. But the most striking effect (although 
one not easily quantified) was the change in emphasis. This was shown in a marked 
form in the recall of the story after a year; in the one group the story was recon- 
structed around the concept of a feud in a peasant society, in the other around 
the fragmentary recall of a wedding feast. 

In conclusion, we may return once more to the question asked in the first section 
of the paper: what conditions are necessary to bring about the processes of merging 
of experiences which we have now described? Although it proved no hypothesis, 
the experiment suggested that the essential condition was the re-arousal by the 
interpolated material of the memories of the original material and of their attendant 
attitudes. This being done, a secondary condition was the congruence of some 


salient details. 
APPENDIX 


(The story, showing the arbitrary divisions into items) 
peace | of the little village of Neuf | had been 


disturbed | by the feud | between the Weydens and the Loons. | Ancient grudges, | 
constantly revived, | had kept the two families at loggerheads, | and the slightest 
cause of friction | had been sufficient to fan a smouldering jealousy into a flame 
of murderous strife. | One day, however, | an aimless sheep | straying from Martin 
Weyden’s field | into that of Henrik Loon | became the cause of a violent quarrel, | 
in which even the village folk were divided into two camps, | and which ended in 
the death of Henrik Loon, | the head of the Loon family. | Shortly before his father’s 
death, Henrik Loon’s heir | began secretly to court Hetta Weyden, | the daughter 
of his father’s murderer, | and, becoming the head of the family, | hastened to declare 
his wish to abandon former rivalries and to cement a new cordiality between the 
sture with generosity | 

and promised a sincere welcome to his new son-in-law. | The village folk were eager 
to forget their partisanship | and soon showed themselves willing to vie with one 
another | only in the elaborateness of their preparations for the wedding ceremony. | 
The wedding feast, which was held at the Weyden farm, | was honoured even 
by the sheriff, whose efforts had often been necessary to curb the violence of their 
quarrels | and to arrange a truce between the families. | Sitting in a high-backed 
chair | at the head of the broad and laden table, | a dark Holbein cap | almost hiding 
his white hair | and the velvet of his nobility being somewhat incongruous | in the 
humble interior of the farmhouse, | he gazed anxiously | at Hans Loon, | the uncle 
of the bridegroom and the brother of the murdered man. | His solemn expression 


Was unsuited | to the rustic boisterousness of the village folk. | But: he had reasons 
nts | made him doubt the permanence 


to be alarmed, | for several unhappy incide u ў 
of the sudden friendship between the two families. | The bridegroom | and his 
relatives | had been greeted with the graciousness and the lavishness which the 

ent position | over the bridegroom's seat | there 
hung | the crossed sheaves of corn, | which were not only the traditional symbol 
of fertility in that agricultural community, | but were also the emblem of the 
Weyden family. | It could hardly have escaped the notice | of the Loons | that the 
rival emblem was thus flaunted; | and, on the other side, it was only too obvious | that 
the bridegroom's coat was made, | as all knew, | from the skin of the sheep | whose 
straying had led to the death of Henrik Loon. | Upon the bridegroom's head | was 


“u 
For many generations, | the 
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the blue cap | which had been worn last by Henrik Loon on the day of his death. | 
Indeed, ugly memories | seemed to haunt the young man, | as he sat looking sad 
and downcast | and hardly interested in the gay chatter of his bride. Я 

"But nothing seemed to daunt the vivacious gossiping of the women, | and as 
dish after dish was brought | for the guests' pleasure, | and the coloured earthenware 
pitchers were filled | again and again | with sweet, white wine, | the danger that 
rancour would flare up again | seemed to grow less. | But just as the men's uneasiness 
was giving way to a careless enjoyment | of the many delicacies spread before them, | 
Hans Loon's two servants | entered the farmhouse, | bearing the two ash staves | 
which they had brought with them to the gathering. | Hans Loon had bidden them 
stand outside | and guard the horses and saddlebags of his family. | But, seeing 
the freedom with which the village folk took part in the celebrations, | the two 
oafish peasants | followed the stream of villagers into the farmhouse. | Although 
their arms threatened, | their faces showed only a yearning to partake of the rich 
food | which was being enjoyed by the villagers and the guests alike. | Their coun- 
tenances were childlike in their stupidity, | as unable to restrain their appetite 
saliva dribbled from their mouths. | Yet Martin Weyden, angered by their rudeness | 
and by their display of arms, | called loudly upon Hans Loon | to dismiss them. | But 
Hans Loon had fallen asleep, | his burly figure slumping forward | and his long white 
beard falling upon the table. | His' sword dangled by his side, | and his faithful 
hound | peered from under the table | at the strange human ceremony | where the 
tragedies of enmity were forgotten, | and where fears were lost | in the unrestrained 
joy of the wedding feast.|” 
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~ both red and violet light in the periphery. They cam 


colours were parallel, there was п 


THE RELATIONSHIP BETWEEN AREA AND THRESHOLD 
IN THE CENTRAL FOVEA FOR LIGHTS OF 
DIFFERENT COLOURS 


3 BY 


E. N. WILLMER 


(From the Physiology Laboratory, Cambridge) 


The relationship between the size of the field and its threshold intensity has been 
plotted for small fields fixated on the central fovea. Within the limits investigated, 
no significant difference has been found whether this relationship has been determined 
for red or for violet light. While it is possible that there is a continuous relationship 
between the threshold intensity and the size of the field, in practice there is a rather 
Sharp change in the relationship when the field size subtends about 5' or 6’. Between 
this size and a field subtending about 20', the expression VAI=C describes the findings, 
but with smaller fields the relationship A I = Cis much more nearly, though not absolutely, 
true. Experimental difficulties may limit the extent to which the observations can be 
described by this second equation. 


I 
INTRODUCTION 


IT has been known for many years that an inverse relationship exists between the 
area of the retina stimulated and the brightness of the stimulating light which is 


necessary to evoke a sensation. For small areas, and particularly in the fovea, 


Ricco's law is approximately true and states that for threshold excitation the area 


times the intensity is constant. For larger areas and in the periphery of the retina, 
Piper's law is more nearly applicable. This law states that, at threshold, the square 
‘root of the area times the intensity is constant. Neither of these laws, however, 
exactly fits the facts, and Wald (1938) has introduced an expression, (A — %)* I = C, 
Which satisfied his data and other data for all but very large and very small fields. 
In this expression, À — area stimulated, и, = a constant threshold number of 
elements, I = intensity and А and C are constants. This author came to the con- 
clusion that two separate laws (Ricco’s and Piper’s) were not necessary, but that 
the data could be described by this one equation. Graham, Brown and Mote (1939) 


showed tha i f the form AF I = C was unsatisfactory and produced 
Em rr ROME 3 -intensity relationship which held good 


another quantitative account of the area g 
in the fovea up to a limit of about 1°, i bably began to vitiate 
the results. In the periphery а similar relationship was established which held 
5004 for field sizes between the limits of то’ and about 10°, after which the threshold 
became independent of area. In order to establish whether this peripheral relation- 
"ship was different for rods and cones Graham and Bartlett (1939) worked with 
oth e to the conclusion that since 


the curves expressing their results for the area-intensity relationship for the two 
o evidence that anything but rods contributed to 


the determination of the threshold. Baumgardt (1947), however, came to somewhat 
different conclusions. Arguing from van der Velden's experimental finding that 
two quanta absorbed within a certain time interval are sufficient to produce excitation, 
he was led to predict that Ricco's law (A I = C) should hold for areas of the retina 
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occupied by one independent or quasi-independent unit, ie. receptor cell or more 
probably ganglion cell, and that Piper's law (vA I = C) should hold for areas 
containing more than one such unit. His experiments initiated by this hypothesis 
showed that with a blue light at a position 15° temporally from the fovea, the 
relationship A I — C held for rod vision for areas between 2’ 12" to 31' 36", and. 
thus the quasi-independent unit appeared to be large and presumably might 
correspond to the ganglion cell which is known to spread its dendrites far and wide 
and to cover a large number of rods. On the other hand, when working with 
extreme red light and finding no photochromatic interval, so that he was probably 
stimulating cones, he found that Piper's law (VA І = C) was obeyed between 
12' 30” and 31' 36”, indicating the presence of many quasi-independent units within 
this area and suggesting that the ganglion cells activated by cones occupy smaller 
areas, which is of course in accordance with the histological findings (Polyak, 1941). 
More recently (Baumgardt, 1948) he has extended the observations to the fovea 
and has shown that under several different conditions with respect to duration of 
the flash and to pupil size there was no significant difference between the behaviour 
of the fovea in red light or green light. For example, he found" that when no artificial 
pupil was used, the relationship A?9* I = С was obeyed within the limits 1-12' am 

6:72' diameter of field. Between 6:72' and 33:6' the relationship was A9? I = C, 
thus showing that neither Ricco's nor Piper's law was exactly valid but they are 
each nearly so for the field size to which they are appropriate and that there 15 а 


change of law at about 6:72". m. 
Now, if Baumgardt is correct in supposing that the range within which Ricco 5 


NA 


law holds good gives a measure of the size of the quasi-independent unit, then the _ 2 


foveal unit must correspond in size to the retinal field covered by an object s 
an angle of 6:72'. This is considerably above the size of field corresponding t 
single cone but might relate again to the area served by a single ganglion cell or by 
certain types of bipolar cell, although the data for the visual acuity of t 
would indicate the probability that the effective unit is considerably small 
this. If, however, the size of the quasi-independent unit is the determining facto 
in bringing about the change of law, then it is relevant to enquire whether this. 
unit differs according to the wavelength in a manner which might sugge Г 
pathways for different colours. Since the central fovea behaves as though A 
only two independent types of receptor and two corresponding pathways (König, 
1894; Willmer, 1944) it is probable that one of these will be stimulated more intensely 
by light from the blue end of the spectrum while the other will respond more In. the 
red region. It therefore seemed possible that some information might be obtaine 
as to the size of the quasi-independent unit for each of these pathways by making 
measurements of the area-intensity relationship for the central fovea in red light 
and in violet light. As already mentioned, Baumgardt (1948) has found that isis 
was no significant difference when red and green lights were used, but it migh 
be that these two wavelengths are not far enough apart to stimulate the two receptor 
systems sufficiently exclusively to make any significant difference. This consider? 
tion together with the fact that there was a divergence between Baumgare E 
observations with red and blue light in the periphery and the earlier observation 
of Graham and Bartlett, made it desirable to re-investigate the area-intensity 
relationship in the central fovea and to use violet and red test lights instead 
green and red. Ву this means it might be possible to determine the size 0 Hs 
quasi-independent units in the fovea and to decide whether or not the un 
corresponding to the two receptors differed significantly in size. 
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II 
METHODS 


The apparatus already described (Willmer, 1 г i i 

d l , 1949) was used to ilumin 

А with light of any colour or intensity eed The right-hand eld ed 

EI 5 at the eye and was illuminated throughout the experiments by light from an 

E EM Spectrum red filter (608) at an intensity about five times the threshold for the foveal 

седые of the subject. This field acted as a pilot light or fixation point and the subject 

я to fixate on the left-hand edge of this field. By means of stops, the test 
, which could be illuminated by either extreme red (Ilford 609) or violet (Ilford 6or) 

rom the centre of the pilot field and horizontally 


Eres IM The stops varied in size in such а way that, at the eye, their diameters 
оша a faa varying between 0:72' and 19:4". Ў With accurate fixation 'these fields 
impr ра | fall on the so-called rod-free area. Fixation was assisted by the usual dental 
ru те ed for maintaining à constant head position. An artificial pupil, 
ран fa ar was used throughout the experiments. The subject could vary the 
iS Ly of the light in the left-hand field by turning à knob and he was allowed as 
time as he liked to reach a decision as to what was the threshold position when he 

In this way the technique differed to some extent 
"an Between each reading the position of the 
5 Pp z the scale was altered, thus changing the light intensity. This was done by the 
perator so that the subject could have no îdea from the position of the lamp or of any 
e was near threshold or not and the complete inde- 
tandom ord s cured. The fields of different sizes were given in 
any poir n er, and the readings were repeated on several different. occasions, so that 
SM uus the diagrams is always based on the mean of at least four entirely independent 
ngs and most of them are based on ten or more. The readings have all been made 


On two subj SA F 
two subjects whose vision and colour-vision were normal. 


Ш 
RESULTS 


The first experiments were designed to test whether violet or red test fields made 
eld-size. The threshold 


for each size of field from 2:4 to 194^, 
absolute threshold the logarithms 
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of the intensities were plotted against the diameter of the field and the readings 
for each day were moved along the vertical axis in such a way as to obtain the best 
fits with preceding readings. The results are recorded in Figure г. The intensity 
values are in arbitrary units. From this figure it is clear that very much the same 


relationship holds good for both the violet and the red test fields. The range of the 


FIGURE 2 
THE LOGARITHM OF THE THRESHOLD INTENSITY PLOTTED AGAINST THE LOGARITHM 
or THE DIAMETER OF THE TEST FIELD IN MM. THE MEAN or THREE SERIES OF 
READINGS ON Two OBSERVERS; THE NUMBERS IN BRACK INDICATE THE NUMBER 
.or READINGS. . THE VERTICAL LINES INDICATE THE STANDARD DEVIATION OF THE 


MEAN. 
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individual points upon which the points plotted in Figure 1 are based is of the 
order of o:2 log units, so that the position of the circles (violet light) is nowhere 
significantly different from that of the points (red light). If Baumgardt is right in 
his hypothesis with regard to the interpretation of Ricco's and Piper's lbs then 
it is clear that whatever relationships are established for the "red" receptors are 
equally valid for the “violet” receptors so long as vision is confined, to the central 
fovea; it is therefore impossible to separate the two types of receptor by their 
behaviour with regard to threshold intensity and area stimulated, at least with 


field sizes down to 2-4’ in diameter. 


TABLE I 
Log threshold 
intensity, mean 
2 values (numbers 
Log diameter Amgle subtended by of observations Standard deviation 
of field field in minutes in brackets) of the mean 
1.18 0-72 215 (5 0:07 
1.46 1:30 1-60 (5) 0:06 
1.57 1:78 1:52 (5 0:03 
1.70 24 127 (33) 002 
1.79 3:0 1-18 (28) 0:019 
1.86 3:5 1:04 (25 о-отб 
1.93 41 0:96 (25) 0:024 
1.90 44 o:87 (25) 0:020 
1.98 4:6 о:8о (4) 0:04 
0.02 48 0:77 (29 0:014 
9.13 6:2 o68 (8) 0:020 
^. 0.18 72 0:60 (27 0:016 
E 0.30 9:6 0:43 (24. 0014 
0.40 12:0 0:34 (23 0:022 
0.48 145 0-30 (22) 0:016 
9.54 16:8 0:25 (22) 0:013 
0.60 194 o:19 (23) 0:010 
= 


The further question, however, remained whether the results are more adequately 
described in terms of some continuous relationship as suggested by Wald (1938) 
and by Graham, Brown and Mote (1939), 0r whether there is in fact a change from 
Something akin to Ricco's law when the fields are very small to something more 
resembling Piper's law when the fields exceed а certain critical size, this size then 
representing the size of the quasi-independent unit as suggested by Baumgardt. 
Figure 2 represents the mean of three sets of results relating the logarithm of the 
intensity of the stimulus to the logarithm of the diameter of the field in mm. The 
figures (see Table I) were obtained from two normal observers, one set for violet 
light and the other two sets for red light. There is, in spite of the fact that most 
9Í the points are based on the means of more than 20 readings, some considerable 
margin of error in the exact location of the points and it would be possible to draw 
а continuous curve through the points as plotted. Nevertheless, there is а rather 
Strong suggestion that the two straight lines drawn in the diagram might fit the 
Points almost equally well. ТЕ this suggestion is accepted it would mean that one 
relationship holds for fields smaller than about 5' or 6’ (log. 0:06 mm.) and another 
for fields larger than this. The other two lines on Figure 2 define the gradients 


58 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


corresponding to Ricco's and Piper's laws, and clearly show that, between 5' and 20’, 
Piper's law is very nearly true. With diameters less than 5', however, there is a 
very considerable divergence from Piper's law and an approach to Ricco's law, 
though the agreement is not so satisfactory. 

The position therefore seems to be that, while the data may be capable of 
description by some continuous function, in effect, a rather pronounced inflexion 
occurs at a field size which subtends about 5' or 6' at the eye. Above this size, 
the relationship 4/A I — C is substantially true, while below this size the relationship 
approximates more nearly to A I — C. 


IV 
DISCUSSION 


The results of this analysis thus, in some respects, confirm and extend those 
of Baumgardt (1947, 1948) and if he is right in supposing that the change from 
Ricco's law to Piper's law occurs as soon as more than one independent or quasi- 
independent unit.is involved, then it would appear that the arca occupied by such 
a unit in the central fovea corresponds to a field subtending about 5' or 6’ at the eye. 
This is manifestly too large to correspond to a single receptor for which the figure 
would probably be more of the order of 30". If therefore it has any 


counterpart, this is more likely to be the flat-topped bipolar cell or the ganglion cell.» 


anatomical - 


4% 


The dendritic tree of the flat-topped bipolar cell is of the right order of magnitude ` 


and corresponds to a field size of about 6' though it is probably somewhat smaller 
than this in the foveal region. И the size of this anatomical unit were shown to 
be connected with the change of law, as these results perhaps suggest, it is pertinent 
to ask whether any similar change in the area-intensity relationship occurs with 
still smaller fields corresponding in size to the midget bipolar cells. Is the divergence 
from Ricco's law with the smaller fields seen in Figure 2 perhaps explicable on the 
grounds that both midget bipolars and flat bipolars are involved, and would the 
law become rigidly true at a field size corresponding to the midget bipolar cell? 
The present methods and results do not give the information necessary to aod 
such questions. In the first place, very few figures have been obtained for t e 
three smallest field sizes and these with red light only, on account of the pads 
difficulty of obtaining a sufficiently intense source of violet light. Secondly, it A 
clear that very small errors in the size of the stops delimiting the fields, when ee 
are of the order of 0:5 mm. in diameter have a very significant influence on be 
threshold values obtained for these small fields. Moreover, and this is probably 
the most important point of all, the optical perfection of the image on the retina 
becomes questionable at these small dimensions and the actual form of the image 
on the retina is a matter of theory and guesswork. It is clear therefore that these 
suggestions as to the correspondence between the figures for the smallest fields an 
the anatomical units concerned are little more than ideas for future research. bu 
only justifiable conclusion from the present data is that with fields smaller am 
about 5' or 6’ in diameter, the product of area times intensity is much more Dele 
constant than that involving the square root of the area. Whether the re 
becomes rigidly true for areas subtending т’ог so, cannot be determined from bt 
data available. The fact that the square root relationship is so nearly "E ids 
fields subtending between 5’ and 20' and then diverges so widely with smaller tis 
:does perhaps indicate a critical point corresponding to fields of about 5', and ont 
would support the idea that some receptive unit in the central fovea has o for 
mately these dimensions. It is clear, however, that the figures here presente 


#— 
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the area-density relationship in the central fovea allow no decision to be reached 
as to whether in fact this apparent break at about 5' is anything more than an 
inflection in a continuous curve relationship. 

The author is indebted to the Leverhulme trustees for a grant enabling this 
investigation to be completed. He also wishes to express his gratitude to the two 
subjects (D. G. and P.M.H.R.) for submitting to the ordeal, and to W. A. H. Rushton 


for much constructive criticism. 
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AN EXPERIMENTAL STUDY ON THE FITNESS OF 
SIGNS TO WORDS 
BY 
K. R. L. HALL and R. C. OLDFIELD 


(From the Institute of Experimental Psychology, Oxford) 
This experiment, following Bartlett's Picture-writing, was designed to show: how 
much agreement there would be in the choice of a sign as the most fitting in connection 
with a word; whether the reasons given for a choice of sign would vary greatly, and 
would be rationalizations rather than a primary ground for so choosing; and whether 
the chosen signs were more easily recalled than the not-chosen. 

Six cards were shown to the subject, on each of which was one word and two signs. 
The signs were not intended to represent any object, although none was arbitrary. — - e 
subject had to choose the more appropriate sign and give the reason for his choice. 
Afterwards he had to reproduce all the signs. 

Agreement in choosing one of the signs of each pair was surpri: 

the reasons varied considerably. The chosen signs were reprodu 
and frequently, the reproductions showing the conventionalizing 
given. 
Choice of a sign as most fitting seemed to depend upon certain formal structural 
qualities of a general character. The most fitting sign for a verbal setting seemed (0 
combine a conventional structure with simplicity and regularity of design. Linking 
these results with those of an experiment of Harrower's, it is considered possible that 
a method may here be available for exploring forms of mental organization по 
tapped by standard intelligence tests. 


singly high, although 
ced more accurately 
effect of the reasons 


t so far 


I 
INTRODUCTION 


In his Picture Writing experiment, Bartlett (1932) used a variety of si : 
were more or less arbitrarily selected or constructed, and the subjects were require 
to use these signs in place of the words with which they were associated. Some 0 
the signs were directly representative, some were designed to awaken secondary 
associations and some were “of the type commonly, but inaccurately, са je 
‘ meaningless’ ” (р. 97). Ashe pointed out, however, obviously no single classification 
could be made owing to the fact that every subject would classify such materia 
in his own way. The general task was to learn the signs in connection with the 
words accompanying them, and, when the words were read out later on, to reproduce 
the signs they had learned for them. 

In the “effort after meaning” required by the task and the nature of 
a variety of reactions were observed in the subjects. The representative signs 
were “easy,” and the connection obvious, but where a subject was unable to LAM 
a sign any precise and unambiguous representative significance, it would almos 
certainly be omitted in the reproductions. " zi 

Where а common and conventional setting was not provided by the word Mord 
which the sign was connected, an effort was frequently made to find some alterna 
form of setting. This might be achieved by finding some familiar secondary 
association, or some particular connection which could not be easily formulated Е 
words but which was felt to be appropriate “іп that peculiar and unmistakab? 
way which always occurs when some presented material seems to be singularly 


gns which 


the material, 
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is slip but we do not know why it should be so” (р. 113). For example, 
Е gn associated with the word "thing," one subject appeared to “feel” its 
particular suitability and pleasingness, and the sign for “Philosophy” was reported 
by several subjects to be peculiarly fitting. 

Elaborating on this affective fittingness, Bartlett observed (p. 114) that the 
satisfaction. which accompanied such an experience could occur both when the 
subject was able to say why the sign fitted, and when he was unable to formulate 
any reason. Two of his subjects had, for instance, found this same “Philosophy” 
sign particularly pleasing “simply because it was а big structure tottering on a little 
foundation.” He concluded that such fitness of certain material may involve 
complex cognitive processes which do not need to be formulated in order to be 
appreciated. 

Now these observations of Bartlett’s were more or less incidental to the main 
purpose of his experiment, and it seemed that there might very well be important 
individual differences identifiable here in the reactions to similar sorts of material. 
The less “familiar” and "conventional" the material, the more probable it would 
be that such subjective differences might be observed. 
mane can therefore summarize certain of the implications of these findings as 

OWS: : 


(1) The fitness of a sign in connection with a word need not be on account of 
any representational appropriateness or secondary associative significance. 

(2) The peculiar fitness of a sign may be manifested by an affective reaction 
on the part of the subject. Any associative significance that may afterwards 
be formulated may therefore not necessarily have been operative in this 
primary “feeling” reaction. The formulation may therefore be in the 
nature of a rationalization. 

(3) It is possible that individual differences in the way in which subjects deal 
with such sign-word combinations may be important where the connections 
are not conventional and easy. 


The present experiment was therefore designed to show: 


(т) How much agreement there would be, in a group of subjects of similar 
background, in the choice of a sign as the most fitting in connection with 


a word. 

(2) Whether the reasons given for choo: 
diversity, and would seem to refl 
than a primary ground for the choice. . 

(3) Whether the chosen signs Were more easily and accurately remembered 
than the not-chosen. 


sing a particular sign would show much 
ect more à subsequent rationalization 


II 


DESCRIPTION OF THE EXPERIMENT 
The Method i sed, that is, а air of symbols was presented in connection 
d d the subject's task 3 f the two he thought to be the 


with a word, and the subject’s task was to choose which о 


more appropriate. А ; 
he пана used consisted of six plain white cards, 3 by 5 in. upon which were 
drawn in black ink two symbols or signs, under which was printed a word. The set of 
twelve signs and the six words which accompanied them are shown below. Tye of "à 
Signs we d by Bartlett in his icture-writing experiment, sign 
те the same as those пзе у the remaining ten signs, it was 


for Phi ig Wrong. In drawing + 
p o baia 2 p rs ince that Bartlett had used in his third set, and 


intended that they should be similar t 
direct E cation was avoided as far as possible. They were, however, drawn 


ё 
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in connection with the words they accompany, that is, they were not arbitrary, and not 
randomly selected, but there was no intention of making one or other of a pair the more ys 


significant member. 
FIGURE 1 


ul 


A B A B 
V. STORM VI. PHILOSOPHY 


The subjects who took part in the experiment were all of university educationa) 
standard, both male and female, and represented a fairly wide range of intellec 
background. И 

There were three main parts to this experiment, in each of which the experimen a 
conditions were slightly varied. The essential task was the same, that of choosing 


sign with reference to a word, throughout the experiment. 


Preliminary. 17 subjects—8 Male, 9 Female. be 
This was mainly to help in deciding the best experimental procedure. Each of t 
six cards was presented to the subject for ro seconds, the order in which they De 
resented being altered from subject to subject. The subject was instructed to che 
the A or the B symbol, according to which he thought was the most fitting or meanings 
but might say "neither" or “both,” if he was unable to judge between them. He 
asked to state the reason {ог his choice. «ned theif 
Fourteen of the 17 subjects were asked, immediately after they had finishe! f 
choices, to reproduce both the symbols which they had been shown in cO а 
a particular word. The six words were printed оп a sheet of paper, and the repro o 
were made in an А and P column opposite. There was no time limit to this par vould 
experiment, and no previous indication had been given to the subjects that they V 
be required to recall what they had seen on the six cards. 


Main Experiment. 40 subjects—29 Male, тг Female. С were 
(i) Using the same matesial, the procedure was modified. The subjects aking 
instructed definitely to choose either A or B, and no time limit on the A B, 


of the choice was imposed. Where a subject could not decide between 
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he was eventually asked to guess, as this was found invariably to elicit a choice, 
usually backed by a reason. 

(2) One variation was introduced, in order to determine whether the position of the 
signs on the card might be a factor in biasing the choice, and, for ro of the 
subjects, a second set of cards was used, with the B sign of the original set on 
the left and marked A, so that the position was reversed. The procedure was 


identical. 
(3) Ten subjects were asked for reproduction of the symbols, as in the Preliminary 
between making the 


Group, except that here there was an interval of 10 minutes 
choices and the reproductions. Seven other subjects were also asked to reproduce 
the symbols, the delay being varied from five minutes up to three weeks. For 
two other subjects, the reproduction procedure was reversed, and, instead of 
being given the words, the 12 signs were shown singly, in random order, and 
the subject was required to respond with the correct word for each. 


Group III. 20 subjects—18 Male, 2 Female. 


‚ In order to find out whether certain of the symbols were predominantly chosen 
irrespective of the verbal context in which they were framed, that is, whether, in at 
least some cases, the relationship between word and symbol was much less specific than 
might have been supposed, the same pairs of symbols were shown, but with the words 
blanked out so that they were not in any way visible. The subject was instructed as 


follows: “There are six cards here, each with two symbols drawn on them. Before I show 
them to you, I am going to tell you а word, and, when I show you the first card, I want 
you to consider the two symbols on it in relation to that word, and choose which of them 
is most fitting and meaningful in that connection. With the same word in mind, I want 


you to choose one of the two symbols on each of the other five cards.” 
When all the six cards had been shown, with reference to the first word, they were 
spread out on the table in front of the subject, and he was asked to say which symbol 


he thought was the best in connection with that word. j 
The same procedure was carried out until all the six words had been used, and choices 


from every pair of symbols made in connection with each. The order of the words was 
varied from subject to subject, as was the order of presenting the symbols in connection 
with the words. 

The subject was not asked to give any reason for his choice. 

III 
RESULTS 
Distribution of Choices 

(1) General. Distribution. 


For each of the six cards, Eus 
was found. Table I shows the actual distribution о 


of the main experiment. 


a very substantial measure of agreement of choice 
{ choices made, for the 40 subjects 


TABLE I 


Number choosing А Number choosing B Р 
6 «oot 
2 H «€ о:от 
3 ?8 32 << o'01 
à 1 «€ o'OI 
Н 33 < оог 
6 3 


tribution relative to the hypothesis that neither figure 


be chosen than the other." Column P in Table I shows 
а distributions, ог their opposites (viz. 40-A), (40-B), 


We may examine this dis 
on each card is more likely to 
the probabilities of the observe 
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every case clear which figure was intended. Only the correct reproductions (R) are 
counted in Table VII, and those which are clearly incorrect and which show no 
recognizable similarity to the originals are classed with the not-reproduced (NR). 

The difference between the number of chosen and the number of non-chosen 
figures reproduced is highly significant for both groups of subjects, while there 
is no significant difference obtained from comparing the Preliminary Group 
frequencies with the Main Group, the value of chi square being 0-0024, which, for 
one degree of freedom, gives a probability far higher than 0-05. Thus, approxi- 
mately twice as many of the figures chosen by the subjects as the more appropriate 
are reproduced with reasonable accuracy. 

Regarding the actual number of reproductions made for each figure, these are 
shown in relation to the number of choices made for that figure in Table VIII. For 
the Preliminary Group, where the judgment was ‘‘neither” or “both” in choosing 
for a card, this has been omitted from the number of choices shown, only definite 
A and B choices being counted. Hence the totals do not come to 14. 


TABLE VIII 
Preliminary Group 
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There is clearly a close relationship between Choice and Reproductio 
larly with the Main Group, where judgment was required to be a defini 
For this Group, only for Card IV is the number of reproductions equa 
figure, and this is probably due to the fact that some subjects gave а negativ 
for choosing A, by saying that B is cross, or a busy cross-roads, and therefor! 
the opposite of Serene. The verbalization which the subject made very ? 
influenced the reproduction of the figure to which it referred. It will be observe 
that Figures LA, ILA and VLB are particularly privileged both in Choice an 
Reproduction for this Group. 


Qualitative Changes in the Reproductions 
(т) Conventionalization. 

Many of the changes in the reproductions, when compared with 
figures, were clearly due to Object Assimilation or Conventionalization. 
was required to give his reason for making a choice, although no attempt 
influence him if he was unable to formulate the reason, and some subjects res 
content with giving no particular reason or only a very vague statement ofit. 

Considered in conjunction with these verbal reasons, the effect of the verbaliza E 
upon the reproductions is obvious, and, in some cases, quite striking. Figures ien d 
as I.A for Rhythm, II.A for Wrong, and VI.B for Philosophy, apparently 
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themselves very readily for easy assimilation and reasonably accurate reproduction. 
Certain small details are omitted, and the П.А figure might become simplified to 
a conventional cross-out sign, LA might be perceived and recalled as a “regular, 
smooth-flowing spiral," or as a coiled spring, so that the jagged, lower part of the 
figure is reproduced as circular, in conformity with the upper part. 

А greater variety of assimilative changes can be seen in the reproductions of 
Ш.А and У.А, in keeping with the variety of object association that these figures 
aroused. Hence the reproductions are on the whole less accurate than those for 
LA or VLB, for example. If the same figure is chosen either because it is like 
a judge's wig, a gallows, a court bench, or scales of justice, the reproductions may 
be expected to show corresponding deviations. 

There is, therefore, no doubt whatever that the verbalization intervening as 
a reaction between the making of the choice and the making of the reproduction 
has in many cases influenced this reproduction. The name given, whether it be 
an object-name such as “а man dancing” or "an empty cross-roads," or a more 
general name such as "spiral," "circularity," or “zig-zag,” is often that which 
is aroused when reproduction is required. The conventionalizing effect of the 
name, which Bartlett, Wulf and Gibson observed, is confirmed, while there is further 
evidence of the simple and symmetrical characteristics of these conventional, con- 
ceptual patterns to which the figures are related. 

It seems, therefore, that the factors which influence the original judgment of 
fitness in the choice of a figure in connection with a verbal setting serve to enhance 
the recall-value of that figure. Simplicity and economy of structure, within the 
framework of the verbal setting, are both preferred in perception and achieved 


In reproduction. 


(2) Figure Assimilation. 

This type of change that both Bartlett and Gibson observed was also. found in 
а few cases. So, in three reproductions made of Figure І.В, there is evidence of 
confusion with Figure П.А. 

« IV 

DISCUSSION 

Where, as in the material used in the present experiment, one is dealing with 
тоге or less complex relationships between words and symbols, the nature of the 
Teal basis of choice does not reveal itself very clearly. The high number of choices 
falling on one particular sign rather than the other is not supported bya corresponding 
agreement in the reason for making that choice. What then is the nature of this 


fittingness of word and sign? Е 
Apart from Bartlett's own experiments, 


this problem. Harrower (x however, carrie: и 
Studying " Organization oe Higher Mental Processes.” She thought that “the 


joke allowed of some sort of diagrammatic representation of the particular relations 
holding within its parts: directly analogous to the difference in form and structure 
in the fields of perception” (p. 58). She accordingly presented a set of four diagrams 
with each joke, three of which were arbitrary, that is they were not intended to 
bear any relation to the joke, while the fourth was intended to express the relational 
structure of the joke. She found that, not only were most of her subjects able to 
select the correct diagram of the four, but that the recall value of the jokes 
when accompanied by the proper diagram was far higher than where the same 
jokes were accompanied by arbitrary diagrams, and far higher, also, than where 


little work seems to have been done on 
d out an interesting experiment when 
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Inasmuch as, in the result for Group I and II, there is a clear and significant consensus 
of choice, we may speak of the figure chosen less frequently as the "unpopular" figure, 
and consider the distribution of unpopular responses among the subjects. Table VI 
shows this distribution. E 

Among the male subjects, in fact, there were 14 out of 29, or nearly 50 per cent., 
who gave no unpopular responses at all. 


Reasons for Choice. 

All the subjects in this experiment were asked, when each choice had been 
made, to give the reason for their decision. In a few cases (22 out of 240 for 
Groups I and II) they were quite unable to do so. In the remainder they were 
able to give some reason, although often with a good deal of hesitation, so that 
one gained the impression that the choice itself was a direct schematically determined 
reaction like the act of recognition, while the evocation of the reason was less à 
statement of the causes for the choice than a justification of an attitude already 
evoked in the choice. 


One figure might be chosen rather than another, because: 

(т) of some alleged similarity of quality or form between figure and idea (such 

as circularity for philosophy), 

(2) it suggested some form or object connected with the idea and, in this case 

the object or form might be either— 
(i) one conventionally regarded as a symbol for the idea in question (scales 
or balance for justice), or n 
(ii) one in some other way connected with the idea (judge's wig for justice, 
cloud for storm), 
and here the association is similar to the conventional object except that it 15 
actually to be observed in this connection, whereas the scales of justice are only 50 
shown in pictures or on statues, and so on. 

А very small number (7 in 240) of cases were found in which a figure was chosen 
because it suggested some activity connected with the idea (e.g. dancing, for rhythm). 
And, apart from those cases in which no reason could be given, a few (20 in 249. 
were unclassifiable under any of the above heads. 


Summarizing some of the main points from the reasons given for the choices 

it was found that: 

(1) It is some quality, whether of the figure as it stands, unnamed, or whether; 
of a named, associated object, such as scales, that is the commonest apparen 
factor in determining the choice. It seems probable, for instance, that it is the 
balance of the popular figure for Justice, rather than any realistic resemblance 
to a pair of scales, which is important for the choice; that, in fact, it may 
be a general quality of the figure rather than any specifiable associate 
object that is influential, for, as is seen in more than one instance, object 
associations can perfectly easily be found for the unpopular choices, an 
it is not, therefore, a matter of objective resemblance. 

(2) The quality of the figure, in terms of symmetry, balance, regularity, ant 

so on, may, where the word accompanying may suggest it, actually se 
as a ground for not choosing that figure. 


(3) Ina few instances, subjects tend to avoid the obvious association, aS in 
the cross-out sign for Wrong. 
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(4) There is, particularly for card 5A, а preference for the less stable, and 
more “moving” figure in connection with storm: this, again, is a perception 
of a general quality that seems to count most rather than perception of any 
particular dbject-likeness—for the very variety of objects evoked is sufficient 
evidence of the generality of the figure. " 

(5) There is no very overt indication of affective reaction, such as Bartlett found, 
yet the general impression derived from observing the subjects’ reactions 
and from some of the verbalizations regarding the quality and symmetry 
of a particular figure is that the fittingness of, say, the B figure for Philosophy 
or the A for Serene is much more felt than logically conceived. 


Conclusions on the Main Experiment. 

(т) In any particular choice set up there may be a very high degree of agreement 
between different people of the same kind of group about the relative fitness of 
one or the other figure. 

(2) The grounds given for the choice may be very various in their wording, even 
where there is considerable agreement on choice, and even in the type of reason 
given, although there may be a common and more general ground for choosing 
а particular figure discernible through this variety. 


Group III. 

As a final variation in the choice procedure, arising out of the results just considered, 
а further group of 20 subjects was shown the six cards with the words blanked out, the 
procedure being as described on page 63. It was thought that one sign might be chosen 
rather than another, because it is, in itself and irrespective of its verbal context, especially 
Pleasing, and also that one sign might be considered particularly suitable in connection 
With several words. For reasons of space the detailed results are not shown, but, from 
the results it seems that the general impression of the main experiment is confirmed, 
namely, that it is some formal, qualitative aspect of the sign that makes it either chosen 
or rejected as the case may be, rather than any object-association being the primary 
ground for choice, А sign is not absolutely fitting in connection with any verbal setting, 
but is selected in its comparative relation to the other member of the pair, making up 
the total problem-unit. 


Reproduction of the Figures. 

, Fourteen subjects of the Preliminary Group made reproductions of the figures 
immediately after they had completed the choice part of the experiment, and 
Io subjects of the Main Experimental Group made reproductions after an interval 
of Io minutes, As has already been emphasized, the experimental task was 
specifically stated to be the choosing of the best figure, and no expectation of having 
to recall the figures was aroused. 


TABLE VII 
Е Ch Non-chosen 
Subject Number of une Value of 
group subjects Р. N.R. R. N.R. | chi square T 
Preliminary 14 ОЎ «€ oor 
: 9 2 42 4043 ; 
Main io T 5 As 18 46-50 Фоо 
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Table VII gives the number of chosen figures that were 
number of non-chosen figures reproduced for these two groups. 
considerable variation from the originals in the reproductions made, 
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every case clear which figure was intended. Only the correct reproductions (R) are 
counted in Table VII, and those which are clearly incorrect and which show no 
recognizable similarity to the originals are classed with the not-reproduced (NR). 

The difference between the number of chosen and the number of non-chosen 
figures reproduced is highly significant for both groups of subjects, while there 
is no significant difference obtained from comparing the Preliminary Group 
frequencies with the Main Group, the value of chi square being 0-0024, which, for 
one degree of freedom, gives a probability far higher than 0-05. Thus, approxi- 
mately twice as many of the figures chosen by the subjects as the more appropriate 
are reproduced with reasonable accuracy. 

Regarding the actual number of reproductions made for each figure, these are 
shown in relation to the number of choices made for that figure in Table VIII. For 
the Preliminary Group, where the judgment was ''neither" or “both” in choosing 
for a card, this has been omitted from the number of choices shown, only definite 
A and B choices being counted. Hence the totals do not come to 14. 


TABLE VIII 
Preliminary Group 


Chosen 8 5 
Reproduced 10 8 II 6 7 13 10 12 13 | 10 5 14 
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There is clearly a close relationship between Choice and Reproduction, particu- 


larly with the Main Group, where judgment was required to be a definite A or h 
For this Group, only for Card IV is the number of reproductions equal for eac 

figure, and this is probably due to the fact that some subjects gave a negative ges. 
for choosing A, by saying that B is cross, or a busy cross-roads, and therefore 1 

the opposite of Serene. The verbalization which the subject made very en 
influenced the reproduction of the figure to which it referred. It will be observe 

that Figures LA, П.А and VLB are particularly privileged both in Choice ап 

Reproduction for this Group. 


Qualitative Changes in the Reproductions 


(x) Conventionalization. E 

Many of the changes in the reproductions, when compared with the абр 
figures, were clearly due to Object Assimilation or Conventionalization. The et 
was required to give his reason for making a choice, although no attempt was та Е ^ 
influence him if he was unable to formulate the reason, and some subjects res 
content with giving no particular reason or only a very vague statement of it. - 

Considered in conjunction with these verbal reasons, the effect of the verbaliza" 
upon the reproductions is obvious, and, in some cases, quite striking. Figures s 
as LA for Rhythm, ILA for Wrong, and VI.B for Philosophy, apparently 
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themselves very readily for easy assimilation and reasonably accurate reproduction. 
Certain small details are omitted, and the ILA figure might become simplified to 
a conventional cross-out sign, LA might be perceived and recalled as a “regular, 
smooth-flowing spiral," or as a coiled spring, so that the jagged, lower part of the 
figure is reproduced as circular, in conformity with the upper part. A 

A greater variety of assimilative changes can be seen in the reproductions of 
IILA and V.A, in keeping with the variety of object association that these figures 
aroused. Hence the reproductions are on the whole less accurate than those for 
LA or VI.B, for example. If the same figure is chosen either because it is like 
a judge's wig, a gallows, a court bench, or scales of justice, the reproductions may 
be expected to show corresponding deviations. à 

There is, therefore, no doubt whatever that the verbalization intervening as 
a reaction between the making of the choice and the making of the reproduction 
has in many cases influenced this reproduction. The name given, whether it be 
an object-name such as “а man dancing” or "an empty cross-roads,”” or a more 
general name such as "spiral," “circularity,” or “zig-zag,” is often that which 
is aroused when reproduction is required. The conventionalizing effect of the 
name, which Bartlett, Wulf and Gibson observed, is confirmed, while there is further 
evidence of the simple and symmetrical characteristics of these conventional, con- 
ceptual patterns to which the figures are related. У 

It seems, therefore, that the factors which influence the original judgment of 
fitness in the choice of a figure in connection with a verbal setting serve to enhance 
the recall-value of that figure. Simplicity and economy of structure, within the 
framework of the verbal setting, are both preferred in perception and achieved 


in reproduction. 


(2) Figure Assimilation. 

This type of change that both Bartlett and Gibson observed was also found in 
а few cases. So, in three reproductions made of Figure Т.В, there is evidence of 
confusion with Figure II.A. 

IV 

DISCUSSION . а 

Where, as in the material used in the present experiment, one is dealing with 
more or less complex relationships between words and symbols, the nature of the 
real basis of choice does not reveal itself very clearly. The high number of choices 
falling on one particular sign rather than the other is not supported bya Red acd 
agreement in the reason for making that choice. What then is the nature of this 
fittingness of word and sign? 


Apart from Bartlett’s own experiments, 5 : j 
this problem. Harrower (1933), however, carried out an interesting experiment when 


studying “ ization i Higher Mental Processes." She thought that "the 
jo TOME cesi all asec canes representation of the particular relations 
holding within its parts: directly analogous to the difference in form and structure 
in the fields of perception" (p. 58). She accordingly presented a set of four diagrams 
with each joke, three of which were arbitrary, that is they were not intended to 
bear any relation to the joke, while the fourth was intended to express the relational 
structure of the joke. She found that, not only were most of her subjects able to 
Select the correct diagram of the four, but that the recall value of the jokes 
when accompanied by the proper diagram was far higher than where the same 
jokes were accompanied by arbitrary diagrams, and far higher, also, than where 


little work seems to have been done on 
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the joke was presented unaccompanied by any diagram at all. The explanation of 
- this was that the structure of the joke was enhanced by the presence of the diagram, 

and this structure kept the parts of the joke well articulated, just as any clearly 

apprehended relational scheme might do with other varieties of material. 

Our own results, in the reproductions of the signs, seem to confirm the superiority 
of recall-value of the better articulated name-sign combination. In either case, it 
seems that there has to be an active effort on the part of the subject to make the 
material meaningful. Taking these findings of Harrower's into consideration, there 

' seems little doubt that the grounds of fittingness for certain of the signs used in the 
present experiment may be described in terms of structural relevance rather than 
object-association. The words Philosophy, Wrong, Justice, etc., are general, and 
the basic concepts for which they stand may be supposed to be devoid of all object- 
detail and particularity. It seems, further, as though the most appropriate sign 
must not only have a certain relational significance, but also a formal economy 
and simplicity of the Gestalt kind. 

The question of the fittingness of such signs or diagrams to verbal settings appears 
to raise many problems which go beyond both the experimental and theoretic 
Scope of the present enquiry and into the psychology of thinking. It seems possible, 
for instance, that this method may offer a means of evaluating the qualitative 
Structure in an individual's verbal intelligénce, so that what he has made of his 
experience can be objectively assessed. f 

In conclusion, the present results seem to bring out more clearly the nature 0 
the affective fittingness that Bartlett had observed. The choice of a sign as the 
most fitting in relation to some general verbal setting appears to depend, not 50 
much upon the possibility of associating it with some object, as upon certain form 
qualities of simplicity and regularity of outline combined with a schematic, structural 
relevance to the particular concept. That the “feeling of fittingness" may be primary 
in the process of choosing, there seems little doubt, and the reason given is often 
secondary—a rationalization of a more immediate perceptual process. 


M 
SuMMARY AND CONCLUSIONS 


(1) The choice of a sign as fitting a particular verbal setting appears to depend, 
not only upon the relationship it bears to the other sign or signs with which it is comparet» 
but upon certain formal, structural qualities of a general character. is 

(2) It seems probable that it is not, therefore, any object-association, such ke 
apparent in the verbalizations, which is the primary ground for choice, but rather t 
Structural correspondence between figure and verbal setting. sai call 

(3) Within the limits of the material used, it seems justifiable to conclude provisiona y 
that the most fitting sign for a particular verbal setting will combine a convention? 

structure with a general simplicity of design. 1 
z (4) It is, perhaps, in bringing out these structural aspects in the perception of signs 
in relation to words that the present results have made some contribution to the problem 
that Bartlett's experiment suggested. Where words are involved in the process 2 
Conventionalization, the generalization apparently necessary may involve bo 
simplification and regularization of form. 
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STIMULUS INTENSITY AND ATTENTION 
IN RELATION TO LEARNING THEORY 


BY 


D. E. BERLYNE 
(University of St. Andrews) 


Three experiments are described which test the hypothesis that the more intense 
of two stimuli will, ceteris paribus, be more likely to receive attention. It is assumed 
that an objective behavioural manifestation of attention to a given stimulus is a preference 
for responding to it rather than to another which is present at the same time. — 

, In all three experiments, successions of pairs of visual stimuli interspersed with single 
stimuli were presented to the subject, and he was instructed to respond to either (by 
Pressing its corresponding morse-key), but not both, in the case of the pairs. The first two 
experiments reveal significant tendencies to respond to the larger and the brighter stimulus 
respectively. In the third experiment, there was a tendency, but E statistically 
insignificant one, to respond to a constant rather than to a flickering stimulus. 

It is shown that the attraction of attention by a more intense stimulus follows from 
Hull's System with the addition of his new variable, “stimulus-intensity dynamism (V), 
and it is suggested that it may thus be possible to add attention to the phenomena that 
can be integrated with an objective behaviour theory. 


I 
INTRODUCTION 


The experiments to be reported in this paper* were part of a series designed to 
throw some light on the problem of interest. As the writer has pointed out in а 
Previous publication (Berlyne, 1949), one aspect of behaviour to which the term 
"interest" has been applied is the preference of the organism for responding to 
а particular stimulus or group of stimuli when confronted with several. Bartlett, 
for instance, defines “ап interest" as “а preferential response towards certain stimuli 
9r objects or topics" (Bartlett, 1939). Moreover, interest has always been regarded 
as something closely Eound up with attention, and one way, possibly the principal 
Way, in which we can judge from overt behaviour which part of the perceptual 
field a subject is attending to is to note which part is prepotent in determining 
1S responses. у : 

This is, of course, precisely what happens in the familiar introspective experiments 
on attention. We present, perhaps tachistoscopically, a display which is too 
complex for the subject to apprehend the whole of it in the short time for which Н 
15 exposed. Then we ascertain what parts or aspects of the display he is capable 
of describing and conclude that those are what he has been attending to. Now, 
at one time or another he has learnt to name or describe elements similar to all 
those shown him; each of them has a particular verbal response which it could evoke. 
But only those to which he has “paid attention" have actually dominated the 
Situation sufficiently to impose on him their own, even if, as the Gestalt School would 
Temind us, the others might not have been without influence. They have, in other 
Words, been prepotent. Similarly, in studies of fluctuating attention the stimulus 
1n question alternately is and is not capable of calling forth its particular response 
and Overcoming competing response-tendencies. But unfortunately, this inter- 
Pretation in terms of objectively observable phenomena has usually not been used 
and most experimenters have worked with relatively complex visual material and with 


* These experiments were performed at the Cambridge Psychological Laboratory 
with the help of a Rockefeller Research Grant. 
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the verbal response which entails so many complicating factors. We have as a result 

been prevented from linking attention with other aspects of behaviour and seeing 

the relevance to attention of the principles that recent learning theory, has found 
to underly all forms of response. 

To study attention without the uncertainties of the introspective method, it 
is therefore desirable to devise as simple a situation as possible in which the subject 
is presented with more than one stimulus at once but is required to respond to 
one only. Many well-known studies involving the use of two or more simultaneous 
stimuli have been made, but they appear to fall into one or other of the following 
categories: 

(i) Which stimulus is prepotent is made to depend on learning and 
with reward or punishment (e.g. Yerkes’ discrimination-box, 
jumping-stand and Hunter's delayed reaction). 

(ii) It depends mainly on the present motivational state of the subject (e-8- 
Jenkins and Warner's obstruction-box and Brown's conflict-experiments). 


(iii It depends on previous verbal instructions (e.g. experiments on distraction). 


Now, such factors as learning, motivation and Aufgabe undoubtedly influence 
attention profoundly, but it has been held by many writers and confirmed by common 
experience that other, more intrinsic qualities of the stimulus, particularly intensi y 
and novelty, also do so (see, e.g. Titchener, 1901). Little has so far been don 
to study or analyse the effects of these. :mulus 

The experiments to be reported are concerned with the question of stimu li 
intensity, as represented by the size, brightness and steadiness of visual stimu 
A series of pairs of stimuli, with single stimuli intermingled with them, is presente 
to each subject, and, in the case of the pairs, he must respond to one only. Я 
situation is such that the instructions, learning and motivation cannot favour on 
choice rather than another, and so intensity is free to show its effects. 


association 
Lashley's 


II 
EXPERIMENTS g 
8 іп 


Apparatus.—The subject sat facing a vertical wooden board, approximately, z each 
wide by r2 in. high, in which there were four square holes at about eye-lev, each 
1j in. per side and 1} in. from its neighbour, in a horizontal line. n 


Just behi 1d 


hole was a 3:8 volt torch-bulb, and in front of it a moveable cardboard scr! a 
be interposed. Each screen had a paper-covered aperture and the size, shape an” ig the 
of the stimulus could be varied by varying the size and shape of the aperture an the 
colour of the paper. Intensity could also be reduced by inserting a resistance 1? 
circuit. ected 

Below each hole at the base of the board was a morse-key, whose end pro} vice, 
through the board to show the experimenter, by means of a simple mechanical de 


which key was being pressed. 
The subject sat just near enough to the board to reach the keys comfortably- 


Subjects were naval ratings and students. 


Experiment 1 o 
Procedure.—The four stimuli used in this experiment were two white circles, app eter. 
mately $ in. in diameter, and two larger white circles, approximately $ in. m ia ition: 
А different permutation was used with each subject to cancel out the effects of Pi nt à 
The subject was first told that he would be given a few practice-trials. on lig key 
a time was switched on, and he was to respond by pressing down its correspon ing 
as quickly as possible, releasing it as soon as the light went off. 
Then the experiment _ proper began. Forty-eight stimulus-patte 
consisting of six presentations of each of the four stimuli alone and four of 


іуеп, 


rns were B the 


each 0: 


The | 
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six combinations of two. The order was random, but the same for each subject. The 
xd A instructed to respond by pressing the appropriate key in the case of a single 
Sith $ but to respond to one and one only when two appeared. “It doesn't matter 
aa whichever you feel like pressing first!" Only the first and second fingers of the 

ght hand were to be used, and these had to be returned to a certain spot opposite the 


middle of the board after each trial. 
55 pare pairs were irrelevant to the purpose of the experiment, since they consisted 
fhe о equal size. But these and the single stimuli were introduced to increase 
maki possibilities and thus make it harder for the subject to prepare himself, 
ing the choice more immediate and spontaneous. 
a Results.—The only trials whose results are relevant are those with a presentation 
two heterogeneous stimuli (i.e. x6 trials per subject). j 
Mean responses to larger stimulus: 13-27 
m „ smaller ,, : 2°63 
Number of subjects: 6. 
о? = 9:33 1 = 3:9 У=5 р = 0:012. 


Experiment 2 
„ Procedure.—As in Experiment т, except that the stimuli were two white circles, 4 in. in 
being reduced by the 


ие and two dimmer white circles of the same size, intensity 
of a 10-ohm resistance in the circuit. 
Results.— Mean responses to brighter stimulus: I3:5 
Г A „ dimmer E 
Number of subjects: 6. 
o? = 8-75 t= 4:15 у=5 ф = 0:009. 


Experiment 3 


Procedure —As in Experiment hat the sti 
diameter, and s in Experimen 1, except that the stim 
aaa two similar circles with flickering lights. 
Moving the switches. а 
Results.— Mean responses to constant stimulus: 10:2 
5 > „„ flickering 5 578 
Number of subjects: ro. 
o? — 10:96 t = 1:99 v=9 
III 


MISCELLANEOUS OBSERVATIONS 

The following facts emerged from all experiments:— 

(а) Almost every choice was made, according to introspective reports, automatically, 
without any effort, thought or deliberation, although the stimuli were generally 

b perceived simultaneously. 

(b) Introspections were frequently belied by the res 
to prefer responding to the more intense stimu! 2 e т 
clearly demonstrated by the results, and some asserted tendencies which did 
not exist. This has serious implications for the use of the introspective method. 

(c) There were no striking effects of position on the responses and, in any case, 
randomizing prevented any positional preferences from invalidating the results. 


The mean numbers of responses to positions were as follows (from left to right from 


” 


, 


uli were two white circles, $ in. in 
The flickering was produced by 


, 


p = 0:078 (not significant). 


ults. Subjects denied tendencies 
lus when such preferences were 


t Y 
he Subject’s point of view): 
Ехрегітепёт .. 6:3 53: 77 RA 
2 picks 150 ОА BOT x93 
$ Mite тр oo Goes 
Mean oe 5'0 59 T4 5:7 


(22 subjects) 


(All pairs, heterogeneous and homogeneous, are counted.) 
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(d) Some subjects showed the following tendencies: 

(i) To adopt a systematic procedure, e.g. to respond always to the right-hand 
stimulus. This was more common with students than with sailors, and 
the results of such subjects were ignored; as this prevented any effects of 
the variable to be studied from showing themselves. х 

(ii) To respond to the stimulus just responded to or near it. 

(iii) Rarely, to vary responses intentionally. 

(iv) Rarely, to "compromise," by responding to a stimulus (not lit) between 
the two presented. 

(v) To attempt, almost compulsively, to anticipate where the next stimuli 
will occur, although it was realized that they were randomized. 

(vi) To feel anxious lest mistakes should be made, although mistakes (i.e. responses 


to stimuli not lit) were actually hardly ever made. 
(vii) To develop stock responses for each combination. This would presumably 
have been more in evidence if the experiment had lasted much longer. 


IV 
Discussion 


It was assumed that in these experiments learning and motivation would be kept 
constant so that the influence of the intensity factor would come out. The principal 
motivation, whether desire to conform to the experimenter’s wishes, anxiety not 
to make a mistake, confirmatory reaction, etc., was satisfied equally whatever 


the choice of response. Since the response was made immediately after instructions, 
which can be 


the only learning involved was learning to understand language, wh dent 
assumed not to have varied for different stimuli. The results were also independen 


of any tendency to respond to position and can therefore be taken as due solely | 


to intensity-differences. А 
Experiments 1 and 2 represent the familiar phenomenon of a larger ог brighter 
stimulus "catching the eye" or "attracting the attention." The results confirm 
the hypothesis that-a more intense stimulus is more likely to be attended №. — , 
Experiment 3 was undertaken to test the common belief that a changing ог moving 
stimulus likewise attracts attention. The results show a tendency, contradicting 
this expectation, but conforming to the above-mentioned hypothesis, to enn 
to the steadier stimulus, i.e., that producing more stimulation over a given gio, 
This tendency was, however, not significant, which may be due to a conflict vau 
two antagonistic factors, namely, the effect of stimulus intensity, favouring zs 
steady stimulus, and another factor, favouring the flickering one. The latte i 
probably connected with the róle of novelty and change in attention and ве. 
depend оп a phenomenon which emerged from other experiments and is at prese 
undergoing further investigation. ider 
Now that the hypothesis may be regarded as confirmed, we must consi 


whether it can be related to fundamental principles underlying phenomena in en 
fields of psychology. It would appear that it can in fact be deduced f e 
er, has $ 


system that, despite its undoubted inadequacies and provisional charact тірі 
far succeeded in integrating the widest range of psychological phenomena оп а 3 
othetico-deductive basis, namely, Hull’s behaviour theory. : 1 
ee these experiments were completed, Hull has Я “stimulus-inten sty 
dynamism (V)” as a new variable in his system (Hull, 1949). It now appen e 
our results, which were previously inexplicable by his learning theory, терг 
the effect of V with learning and motivation held constant. ich the 
Hitherto, ‘‘reaction-potential (,E,)," an intervening variable on whi rises 
latency (sfn), probability ($), amplitude (4), and extinction-resistance (и) of respo 


depend, was treated as a function of habit-strength (,H,) and drive (D) (Hull, 1943)- 
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TW But now it is stated to be dependent also on V, which is a variable increasing with . 
Í stimulus intensity (7). The tendency to respond to the more intense of two stimuli 
can thus be shown to follow from the postulates of Principles of Behavior, with 


the addition of the new postulates concerning V:' 
(i) V is provisionally stated to increase with i (stimulus-intensity) according 
to the equation 
; V =A (1-10**™') 
where A and b are empirical constants. 
The more intense stimulus will therefore have a higher V. 


(ii) “Other things constant” (as they are in the conditions of our experiments), 
V = „Е, (reaction-potential). The response to the more intense stimulus 


> will therefore have a higher Ep 


(iii) “Momentary effective reaction-potential (Ëp) " depends on „Еһ, I, (inhibitory 
potential) and ,O, (an inhibitory factor which oscillates “according to the 
normal ‘law’ of chance") (Hull, 1943, Postulate то). Since the last two 
factors, Г, and ,O,, can be taken to be more or less equal for all response- 

| tendencies in our experiments, the one with the higher „Ё, will have the 


higher ,É в for most of the time. ; 
he response to the more intense stimulus will therefore have a higher 


momentary effective reaction-potential (GE, more often. 


| (iv) “When the reaction-potentials (,£,) to two or more incompatible reactions 
(R) occur in an organism at the same time, only the reaction whose momentary 


| effective reaction-potential (,£,) is greatest will be evoked” (Postulate 16). 

i The more intense stimulus will therefore be responded to more often. 

=0:Е:р: 

"e The above postulates and their applicability can be checked by further 
experiments with different intensities. The probability of response to the more 
Intense Stimulus can be found for each pair of intensities, and it can be seen whether 

Sy are compatible with Hull's formulae. If they stand the test, the way may 
be; Open to the formation of something that has been long overdue, namely, an 


Objective theory of attention. 


<< 


Since the completi i i lates concerning sE, and V have been 

` etion of this paper, the postula: ‹ 

modified in the Шрот of уа complexity (in Hull's cyclostyled Memorinda on 

a Sháviour Theory of Nov., 1949, Feb. 7th, 1950, March 6th, 1950). But these changes 
Te Not such as to invalidate the above deductions. 


У 
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THE IMAGINARY QUESTIONNAIRE 


BY 
J. W. WHITFIELD 


(From the Medical Research Council Applied Psychology Research Unit, 
Cambridge) 


The experiment was designed to throw some light on the statistical problems in the 
analysis of questionnaire data. Previous work (unpublished) suggested that a simple 
choice response was partially determined by previous responses; and also that the nature 
of the determination was changed with changing length of series. А "null" experimen 
was devised in the form of a questionnaire without any questions, and the distribution 
of responses was studied with respect to the problems formulated. 

The observations are discussed in three sections. 

In the statistical discussion an alternative meaning to over d 
dissociation is advanced. This relates association or dissociation to human behaviour 
in the serial response situation, rather than to qualities of the questionnaire. Itis further 
suggested that association between specific questions should be tested against the 
association in the whole questionnaire, and an appropriate treatment is indicated. e 

The observations depart from statistical randomness in certain ways. a be 
made up almost entirely of one form of response are given less often than wou aa 
expected.. Long sequences of the same type of response are relatively infrequent, lies 
sequences of alternation of response are also rare. As the material is "null" it imp! 
that the human concept of randomness differs from the statistical concept. t 

An attempt is made to define the human concept of randomness. It appears E 
a series of responses which has a pattern, or for which the subject can postulate à simp 5 
“cause” will not be accepted as random by the human subject. This raises problemi 
of a perceptual and cognitive nature. It also has a bearing on the design of questionnair' 
or experiments involving serial responses. 


all association OF 


I 
Атм OF EXPERIMENT 


Tu purpose of this experiment was to throw some light on the statistical problem 
involved in the treatment of questionnaire data.’ With purely objective "ве 2 
types of questionnaire many of the problems discussed should not arise, but in th Е 
cases where the questions present a judgment problem to the subject, certain S 

due to the nature of the presentation may be observed. Questionnaires 11 the ality 
of public opinion, or those which purport to give evidence in the study of persona? 

or temperament, and laboratory-type discrimination tasks come into this category: 


Preliminary observations had led to two hypotheses: 


(т) Ina series of questions involving judgment with only two p 
(e.g. Yes or No), a particular response is partially determi 


ossible responses 
ned by previous 


responses. 
(2) Length of series modifies the nature of the effect. 


e 
of the statistical concept of independence necessary for th 


An examination 3e 
evaluation of the significance of any observations follows naturally from the 


hypotheses. 


THE IMAGINARY QUESTIONNAIRE 77 


п 
" MATERIAL 


As an attempt to produce a psychologically “null 
Questionnaire was produced—i.e., a questionnaire wi 
for a “Yes” or “No” response, but with no questions. 
to ask themselves questions of the form "Do you prefer .... to 
their answers in the appropriate column for “Yes” or "No." Three groups of 
Subjects were used, the bulk of them being students of an elementary pyschology 
course, a few were more sophisticated in psychological experimentation. Three 
fcm of questionnaire were used, 6, 1o and 14 questions. It may be argued that 
his did not provide a null condition in the psychological sense, a point which will 
be discussed later, but it is as null as anything the experimenter could think of. 
The really important feature is that within the limits of two responses any further 
constraints on behaviour are provided by the subjects themselves. 


1" condition, an Imaginary 


III 
OBSERVATIONS AND DISCUSSION OF STATISTICAL PROBLEMS 


TABLE I 


DISTRIBUTION OF RESPONSES BY QUESTIONS 


Question Six Ten Fourteen 
number questions questions questions 
——— 
Yes No Yes No Yes No 
T 
34 6 35 5 33 7 
e 29 TI 27 13 30 то 
3 25 15 21 19 28 12 
4 28 12 29 11 26 14 
a 30 10 28 12 24 16 
6 29 II 26 14 27 13 
7 — — 23 17 25 15 
8 — — 24 16 22 18 
9 = — 24 16 2I 19 
IO — == 20 20 29 ІІ 
Ir a i c = 27 13 
12 Е PE а — 23 17 
13 а hu rem — 30 10 
14 t zu = — 29 II 


m It will be seen in Table I that there are far more “Уезез” than “Noes.” This 
3y be due to the normal verbal ordering of the words— Yes, No, and never No, Yes. 


The effect is most marked with the first * question," where a Yes answer is obtained 
'snificantly more often than a No, even taking the general tendency into 
Consideration. The verbal arrangement hypothesis is somewhat strengthened 
Y observations on a small number of subjects who were asked “mentally” to 
em Up a coin, and record their guesses as to heads or tails. These showed a pre- 
Ponderance of “Head” responses on the first imaginary toss. 

0. 

verall Association or Dissociation and the Problem of Independence. 

Usually, in the treatment of questionnaire data we wish to discover poe 
ere is any association between the questions, 07, specifically, if two or more o 
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them are associated in any way. There are $m (n — т) pairs of questions, where 
n is the number of questions, and the same number of 2 x 2 contingency tables 
can be constructed. Slater (1947) has implied that these are independent 
contingencies, and has tentatively suggested that the relevant test of overall 
association in the questionnaire is the summated х?, from all the 2:x 2 tables 
with {#2 (п — x) — x) degrees of freedom. In my opinion this is erroneous, as 
the association between questions 1 and 3 is partially determined by the association, if 
it exists, between questions т and 2, and between questions 2 and 3 (see note on p. 80). 
We can, however, with safety summate the x? for the — x independent 2 х 2 tables 
concerning the association of one question with each of the others, and test with 
(n — x) degrees of freedom. $ 

The problem of an overall association, treated as an exercise in factorial analysis 
by Slater in the same paper can be considered along other lines. Taking the 
observations from the Imaginary Questionnaires and constructing the matrices 
of 2 x 2 tables we find the following (Table II): 


TABLE II 
сь EE ЕЕ E ER ER D Е 


Number of | Total observed frequency in | Total expected frequency in Y Y cells (calculated 


questions Yes-Yes (Y Y) cells in the usual manner assuming independence) 
6 312 318475 
29 729 740-900 
14 1,638 f 1,621:650 


Ina2 x 2 table relating a pair of questions, if there are more Y Y than expected 
a 


it indicates association between the questions, if less it implies dissociation. 
summates the observations for all pairs of questions. ` 


Thus there is evidence of slight overall dissociation in the 6- 
series. A first general factor of dissociation seems to the writer to b 
concept, and an alternative approach is desirable. ; 

e reasons 


If we consider the distribution of responses amongst the subjects we 56 the 
for these peculiar effects. The total number of YY entries is а function 0 ju) 
distribution of Y amongst individuals. For example, if a subject has sal Son 
five questions he will have contributed ro Y Y, as five questions make up 10 ques 
pairs. Similarly, if he has said Yes to six questions he will have contributed 15 15 
and so on. Unless the distribution of Y amongst the individuals correspon Ad 
that expected on independence, discrepancies of the nature demonstrated аге м 
to happen.. The distribution on independence assumes that there is а. ne de 

robability of giving a Y to a specific question, and that different individua. iffers 
merely different trials, with the same probability. The probability ofa ron as 
between questions, and the observed proportion of Y to a particular questi s 
used as the Y probability for that question. Thus the distribution of Y 3n 
(i.e. in individuals) is the expansion of ру, ро, ра, etc., where f, f» f» etc., 
probabilities of a Y response to questions т, 2, 3, etc., as derived from the Er 
The relationship in the questionnaire may be considered, therefore, as partly conl als 
of the true association between questions, and partly of the behaviour of indivi 


in answering questionnaires. 


ion 
and 1o-questio 
e a difficult 


— 


‚ B not a Satisfactory fit. Thus we can say that inde; 
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TABLE i 
DisrRIBUTION OF YESES AMONGST INDIVIDUALS 


Six t^ Ten Fourteen 
questions questions questions ' 
No. of Yeses | Obs.f. | Expf. | Obf. | Exp.f. | Obf | Exp-f. 
p 
o o 0-01 ) o 0:00 o 0-00 
I I 0:23 I 0:02 o 0:00 
2 of> 1:65 Bros ° отб." о 0-00 
3 4 6:16 oi -86 (1944| o 0-02 |g 
4 I5 12:62 o 2:89 r5 orz (> 9 
5 18 13:47 5 6:51 о 0:49 
6 2 5:86 13 9°90 JR 1:54 
7 — =: 16 толо  — 2 3:63 
8 == — 4 6-61 II 6:46 
9 — = І 65 2:50 »9'5I | IO 8:67 
Io — — o 0:40 І 8:70 
II 9 6:27 
13 Es 3 14 Ue 104 
I4 >s == — — 1 O'I3 
EDS variance .. 0:834 1:597 3:828 
Xp. variance .. 1:158 2:189 3-01 
№ 0. *670 8:445 12:013 
Degrees of pi^ 
P freedom 2 2 3 
Sn e about 0:05 <0'02 <о`от 


OON О EUST. 


Total x? = 25:128, 7 d.£. Р = <o-oor. 


p labour of expansion of P,, P, P; etc., can be reduced— 
0 


P n 1142.45 teresa Qn 

nz у. gy ) — P. 2/9) 

Pi x UA ip p q, m j* l P, ха) 

Py ob (p Д0 РЕР Bas ИИ, + m Con И") 
Py, P, etc, = probability of an individual giving o, 1, etc. Yes responses. 


Testing the Association Between Specific Questions. 


It will be seen from Table III that the expected distribution on independence 


pendence does not hold. We 


Shall consider later why this should be so. The practical problem lies in the 2 x 2 
table, telating two particular questions, and how to calculate appropriate expected 
Tequencies in the cells, To assume independence in the normal way may be mis- 
Sading, if the question we really wish to pose is “Are these two questions more 


associated or less associated than other question pairs in the questionnaire?" This 
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The total observed agreement between questions (ZO) is 
Уфа (a — 1) + Zi (n — a) (n—a— 1) 
— number of responses by an individual 
n = number of questions. 
This becomes ? 
фтп (п —т) — nY + Ха? 
where m = number of individuals 
Y — total number of Y responses. 
The total agreement expected on independence (ХЕ) is 


[m = {уу + (m — уз) (m — 91 
where уџ.у,, etc., are the number of Y responses to questions т, 2, etc. 
This becomes 


r[m (Y? — Ly? + 3a (n — три? — m (n — ту} 


Unless the distributions of Y amongst individuals corresponds to that expected 


on the independence hypothesis there will be a discrepancy ХО — XE. In order 


to test the association between a specific pair of questions 7 and j, this discrepancy 
will have to be distributed amongs 


t all the question pairs. The agreement expected 
on complete independence in the specific pair is the expected frequency of YY 
(e., (y) m) plus the expected frequency of NN (m — у) (m — y)[m). The 
required expectations will differ by an amount “z” from these, “2” being related 
to XO — XE. 

Before defining “z” it is worthwhile to note in i T — УЕ is related 
to the quantity S in Kendall's coefficient of rank (Des eid г ud been shown 


tuat Ш the 2x 2 table is equal to the difference between the cross products, 
and that the denominator required {огл is V/A.a.B.b, where A,a,B,b are the marginal 
totals (Whitfield, 1947). If we were to calculate S for all possible 2 x 2 tables 
in the questionnaire we would find that S = m (ZO — УЕ)/2. The total 5 
(denominator) m 1(QVby— УЬ} where b, ba, etc., are Ут — у,), Yo(m — У), etc. 
Thus, if we wished, we could express the overall association or dissociation 45 
а т correlation 

т (ZO — УЕ) 

Ee SA) 

(25) УЬ 

but as this is mixed up inextricably in a lot f i i ipsi ar 
to be capable of a significance E directly. * Рае doesmot nue 


mu 


Using this information, however, we can calculate the quantity “2.” 
_ bb, (50 — XE) 


24 = tS) 
657 
To consider an example. i : А 
appear io be related ple. In the ro-question questionnaire questions 5 and 7 


* i i i 
i iE en tori moderately large numbers both of observers and questions 
of freedom, РР OY to d») Vill be distributed as уг with (m —1) degrees 
this approximation is reliable as a sig nificant test. T ree the conditions under b 
Correlation Methods"—on the problem of “m” 1s derived from Kendall. 


ranking the observers into two sets of tied ranks) BS regarding the questions 25 
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‘ Question 7 

"Y ^ 
| X то 1600 28 
Question 5 М та z E 


23 17 40 


The frei 
u 
cx ap s NN expected on complete independence is 5:1 ж with Yates’ 
But there is hr which suggests а markedly significant degree of dissociation. 
we therefore b E. in the ro-question questionnaire of overall dissociation, and 
the average, o see whether questions 5 and 7 are more dissociated than 
XO — ХЕ is — 23:8 


Question 0 Vo 
I 175 13:23 
2 351 ^" 1873 
3 399 19:97 
4 319 17:86 
5 336 18:33 
6 364 19:08 
7 391 1977 i 
8 384 19:60 
9 384 196 
то 400 20:00 
3,503 186:17 
Overall 7 _ 12318104027 а 
т86-172— 3,503 = 0:031 
: 23:8 x 18:33 X 1977 
2, ЕАО 
idi ne 3588 о 18 


5-10 — 0:28 = 4:82. This reduces 
t that we have reduced the degree 


Thus 
the new expected NN frequency is 
till evidence that the two questions 


X to 5. 

of пех Against this must be set the fac 

are У to 8/9. Thus there is $ 
ated, whatever that may mean in the imaginary case. 


IV 
N THE IMAGINARY QUESTIONNAIRE 


ady been referred to in 
they must further 


B 
Certai EHAVIOURAL OBSERVATIONS I 
Télation is gem the subjects’ behaviour have alre 
© consider ps ae treatment. Along with other features 
ed in describing the human “random” performance. 


Ages 
E of Extremes. 
er x 
than a will have noted in Table III that, wi 
= п the ca е expected gave a large preponderance 
9r the hdi of the Yes response to the 14-question 
ced variance of the 6- and 10-question series. 


th one exception, fewer individuals 
e of one response. (The exception 
ire) This accounts 


questionnair 
Some previous experiments 
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had suggested that the relation of observed to expected variance was affected by 
‘the number of questions presented. A short series gave a variance much smaller 
than the expected, but a long series reversed the effect. This is substantiated 
by these later observations. 

The case of the reduced variance in short series can perhaps be explained by 
arguing that a marked preponderance of one response is not compatible with the 
subject’s idea of random behaviour—it suggests a "cause," ie. there must be а 
reason for departure from an average distribution. If this is true, and there is 
further evidence which appears to support the idea, then it is not surprising that 
а 6—o distribution of responses is avoided, constraining the responses into a more 
limited range. It is also likely that the amount of imbalance of frequency of responses 
which will be tolerated by the subject is a proportion of the total available range- 
Hence the tolerated range will increase linearly with increase in the number of 
questions. The standard deviation of the expected distribution, however, is increased 
at the rate of approximately the square root of the number of questions, and therefore 
the relative absence of individuals with marked unbalanced responses becomes of 
progressively less effect on the variance of the distribution. There may also be a 
factor working in the opposite direction. If some individuals are more prone to 
give Yes responses, and some prone to give No responses, even though both may 
keep within the “tolerated” range there is, as it were, enough room in the longer 
series for them to demonstrate their proneness; and hence increase the variance. 


The Effect of a Response on Subsequent. Responses. 


Another approach may be made to the question of the difference between the 
human idea of “random” and true randomness. The question may be asked: 
What effect, if any, has a response on its successor, or later responses?" Lag 
correlations were calculated (і.е., rst with 2nd, 2nd with 3rd, etc., then increasing 
the interval—1st with 3rd, 2nd with 4th, etc., and so on). These are shown in 
Figures 1, 2 and 3. If there were no series effects—i.e. if the probability t 
Yes or No response was completely unaffected by previous responses, we WOU 
have correlograms which were straight lines at zero, if there were no differences 
between subjects, or at a positive value if there were a distribution among subjects 
of Yes-proneness or No-proneness. If, on the other hand, a Yes response inevitably 
produced a No response as its immediate Successor, and Vice versa, the correlogram 


would oscillate — т.о, + 1:0, — 1-0, etc. 
CORRELOGRAMS 
FIGURE r. Six Questions FIGURE 2. Тех QUESTIONS 
+.2 
+ / 
/ 
T o / um 
А RS 
=i и 
"n 
-2 - 
1.2 13 14 15 16 
etc. etc. ete. et 3 t2 1350 1.5 ig) Ue 
us e ee Че вк =. © 5t tie ate 


Lag 7 


№ 
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FIGURE 3. FOURTEEN QUESTIONS br 


+.2 
+ - 
Ао -7 
2 
zu! 
E 
12 13 14 15 16 17 16 19 MO LI 142 L3 4 
etc. ctc. etc. etc. etc. etc. etc. еіс. etc. etc etc. etc. 


Lag 


It is possible to make some reasonable conjectures as to the behaviour of the 
Subjects from some of the features of the correlogram. Let us consider the 
IO-question case—the maximum positive correlation occurs with the relations, 

uestions г and 4, Questions 2 and 5, etc. This suggests а series with sequences 
ot not greater than two same responses. A chance series obeying this—i.e. all 
Possible series which do not infringe the limit of two on sequences—gives a correlo- 
&ram shown in Figure 4. It differes from the observed correlogram in two main 
Tespects—(a) more extreme values are obtained, and (6) the difference between the 
T2 type correlation and the 1:3 type correlation is not the same as that observed. 
А “dilution” of the series—i.e. allowing a few series with sequences longer than 
ns members may account for point (a), and the difference (b) may be accounted 
Or by yet another form of avoidance by the subjects. The lower observed correlation 
E the 1-3 type implies that subjects have avoided an alternation pattern in their 
“sponses. This again fits in with the general idea of avoiding apparent "cause. 

Chance series, with ro questions, allowing no sequences greater than 3, up to 


FIGURE 5. 
TENQUESTIONS—CHANCE DisrRIBUTION B 


All series within limits of no sequence 
than three, not more than one 


Ten FIGURE 4. 
All Questions—CHancE DISTRIBUTION À 
Series within limits of no sequence of 


Same res 
Са Fico of three, and no alterations 
УМУМУМУ or converse or greater. 
+3 
+2 
ty 
о SUN m 


£ 18 19 мо 
13° 14 15 16 17 
(2 13 14 «s ie iz 1а D HO) i аг de ес (че тесе 

tc. с. J 


ete. ete. ete. ete. ete. ete ес ес, oe 
Lag 
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one sequence of 3, and avoiding alternation sequences of УМУМУМУ, or converse, 
or greater, gives the correlogram shown in Figure 5, which in the points considered 
is moderately satisfactory. 

The r4-question series;shows a somewhat different pattern, but similar in its 
main essence—slightly longer sequences would appear to be tolerated, and alternation 
agam avoided. It is also worthy of note tliat the mid sample of то questions from 
the total of 14 gives a correlogram similar to that of the whole 14, and not to that 
of the ro questions, suggesting that the effect is due to the displayed length of series, 
and cannot be attributed to any marked change of behaviour at the ends of the 
questionnaire. 

| The hypothesis concerning the tolerated sequence length may be tested in ano 
way. Given an individual who has shown, let us say, 6 Yes responses to то questions 
—these 6 Yeses may theoretically be distributed anywhere in the то questions. 


ther 


TABLE IV 
SEQUENCE LENGTH 
No. with 
sequence of И 
No. of No. of | Yeses >$ Yes Probability of as few 
Yeses cases frequency such cases or fewer 
14 questions .. 14 1 I No chance involved 
13 2 I ” ” ” 
a 3 1 0:2263 
XY 9 2 0:01965 
1o т o 0:6510 
9 то 4 0:6871 
8 тт о 0:09076 
7 2 о 0:5184 
6 T o o:8660 
4 I o 0:8790 
10 questions 9 I 1 No chance involved 
8 4 I orrir 
7 16 7 0:04997 
6 13 3 01002982 
5 5 I 01875 а 
I 1 1 No chance involve 
6 questions 6 2 2 No chance involved 
5 18 18 m n 0) 
4 15 7 0:2231 
3 4 4 No chance involved 
$ 5 т I ” ” 2 
f obtaining 


Taking into consideration only those cases in which there is a chance о 
different frequencies, and employing д2= — 2 Х log. р, with 26 degrees of f 
x? is 48:339. and the combined probability is less than 0:01. 


reedom, 


They can be considered as being distributed by the Noes into 5 
sequence between the beginning of the questionnaire and the 
sequence between the Ist and 2nd No, 3rd between 2nd and 3rd No, 4th 
ard and 4th No and 5th between the 4th No and the end of the questionnaire. 


— s 
S 


|, 


Kar 
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cu distribution of six objects into five categories is easily calculated. In the 
d T numerical values of sequences an individual may contribute more than once 
ЕЕ 2 as a test individuals were divided into two classes—those who gave a sequence 
i longer than half their total Y Y, and those who did not. The chance of a 
n om series, with the same number of Y Y showing a sequence greater than half 
n e Yes frequency was then calculated, and the comparison shown in Table IV. 
pam be Seen that subjects tended to avoid sequences of such length. Unfor- 
t tunately, a test of the avoidance of alternations would be, at the least, very 
edious. с 
EE ing up the evidence we can therefore make the following reasonable 

jectures about behaviour in the Imaginary Questionnaire: 

(г) There is a marked tendency to answer Yes to the first question. 

(2) The distribution of Yeses amongst individuals is not chance. It is— 


(а) Leptokurtic with short series; 
(b) Less certainly—it is platykurtic with longer series, with a suggestion 
a the change-over takes place somewhere about the 12-question 
ength. 
(3) Following from (2) even if the purely statistical difficulties of independence 
ina matrix of 2 x 2 tables about the questionnaire as a whole are overcome, 
expected cell frequencies cannot be calculated in the usual manner from the 
marginal totals, assuming an independence between questions. 
(4) There exist within the series of responses sequential effects whic 
described as the avoidance of long sequences of the same response, 
the avoidance of sequences of alternation. 


h can be 
and also 


у 


Discussion OF THE PSYCHOLOGICAL, PROBLEM 


Any statement beyond those purely descriptive of findings is, of course, pure 
e formulated before these reported 


Ene A few rather wide hypotheses were | l I 
end Tents were begun. These have been modified, but still remain unverified, 
in 9 a large extent difficult to verify. Nevertheless, they may exist as cautions 
sug nological experimentation. Nature is said to abhor a vacuum—the human 
Ject seems to do so, and objects to thinking about a problem which has insufficient 
pe Introspective reports from Ebbinghaus-type memory experiments suggest 
syll iet often attempt to make some sort of "sense" out of the “nonsense 
a as le S employed. Bartlett's experiments on social thinking show that even when 
of E iderable amount of information is presented to the subject the normal modes 
um ution call for the introduction of generalisations or other information not 
о in the data and brought in by the subject himself In the case of the 
Tes Binàry Questionnaire the generalization introduced by the subject is that the 
5 а must not imply any consistent "cause." There is no reason that he should 
at а relationship between the imaginary questions. The behaviour must then 
orm to the subject’s idea of relationless, i.e. random behaviour. Several 
5 to reverse the form of the question 


te Were asking themselves to avoid тер 
expe thought desirable. If the observa 
Cted they would have shown consistency © 


86 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


of questions the subjects produced for themselves—which would perhaps be under- 
standable. The fact that the reverse is true, taken together with the subjects’ 
reports shows that there was an attempt made, consciously by some though probably 
not all, to randomize the responses. That the responses are not distributed in 
a statistically random fashion implies a difference between the statistical concept 
of randomness and the human concept of random behaviour. 

The usual human idea of randomness of a series of events is one which shows 
no apparent cause. This is primarily a perceptual problem. One is unlikely to 
be dealt four Aces, four Kings, four Queens and the Jack of Spades in a card game, 


but the same unlikelihood exists for any other specific hand. The former would | 


be perceived and a cause (bad shuffling, good luck, etc.) would be invoked to account 
for it, whereas in the second case nothing would be thought or said—unless the 
hand had been specified beforehand. The early writers on probability were соп- 
cerned with the relation of probability to belief. The question—how often must 
a penny come down heads in succession from the first before the observer may 
reasonably doubt its being a perfect penny ?—is one which has no generally acceptable 
statistical solution, even if information is supplied as to the relative frequency o 
double-headed pennies in circulation. А considerable amount of attention has 
been given to problems of this nature (see Keynes (1921) for а full discussion). But, 
except under unlikely condition of being constrained to act in an absolutely logic 


manner, the usual human response is to make some judgment. After а segnen 


of events has shown a relationship consistent with a “cause,” the observer is incline 
to accept the “cause” as demonstrated, or at least to believe he will be more often 
right than wrong if he so decides. The odd-looking concatination of events, whic 
would happen if unrelated once in a hundred times is considered as if it wer? 
impossible of occurrence by chance, but only by design. 

The Imaginary Questionnaire behaviour is in a sense the converse of this; 10 
cause means that there should be no series of events which give the impression © 
"cause." It would appear that “cause” is attributed to a series which possesses 
a descriptive simplification, or other distinguishing characteristic. Three E 
“causes” tended to be avoided by subjects: ly 

P 


(т) Preponderance of one response over another, which would be taken to 1m R 
a mechanism giving preference to one response rather than the other. 
no evidence of such a mechanism is otherwise present, this is av! ed. E 
i 


(2) “Cause” in the sense of long sequences. There is by and large а pros nt 
belief in a “law of averages"——or, at a more sophisticated level, а trea ries 

of chance processes as if they were derived from finite and limited 59" 
perio d 


(3) Alternation suggests a simple mechanism of inhibition, or refractory est 
Again, failing other evidence in the nature of the experiment to SUE 
the existence of such a mechanism, the subject avoids alternative respon 

t of random 

реп" 

tion 


Although it is of interest to know something about the human concep 
behaviour, it is perhaps the relevance of this to the more practical field of ех 
mentation which is important. In experimental design the question o 
crops up, and the difference between the random tables and the humar 
may be important. This is particularly true in those cases where the task 35 vorkiné 
either by absence of sufficient data—as in threshold measurements, or by difficulty 
near the limits of performance;—as in certain forms of intelligence test, or by c work 
of appreciation or apparent irrelevancy—as in many questionnaires used Ex manly 
on temperament. It would seem desirable to randomize, where possible, in 2 


THE IMAGINARY QUESTIONNAIRE 87 


acceptable way. An ad hoc solution would be to randomize in short sequences, 
Probably of about ro, giving equal frequencies to correct responses or expected 
тезропзез. There is also the possibility that the effect could be used directly in 
certain types of problem. Under what conditions is a subject prepared to behave 
differently from his concept of randomness in a series which he believes to be truly 
random? It is possible that this could lead to an objective estimate of certainty 


of response. 


VI 
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ON THE RELATION BETWEEN TRANSFER AND 
DIFFICULTY OF INITIAL TASK 
BY 
J. SZAFRAN and A. T. WELFORD* 
(From the Nuffield Research Unit into Problems of Ageing, 
the Psychological Laboratory, Cambridge) 


difficulty. 


Subjects were required to throw at a target under three conditions of varying ders of 
e 


Six groups of 14 subjects were used, each group receiving one of the six possible or! 


presentation of the three conditions. ET 
Results in terms of mean distance from the “bull” indicated that the three condita 


were producing different transfer effects. These could not be adequately ехріаіпе is 
terms of stimulus- or response-similarity, and accordingly a tentative hypothesis E 
put forward in terms of the relative difficulty of the condition presented first, to mo y 
presented subsequently. Itis suggested that transfer tends to be positive froma rela Td 
difficult initial task to a subsequent task which is easier, while transfer will tend to 
negative from a relatively easy initial task to one which is more difficult. nsfer 
The first of the three conditions presented exerted considerably more powerful e 
effects than the second. Three possibilities as to why this should be so, are outlined. 


I 
INTRODUCTION 


TRANSFER of training has usually been treated as a matter of similarity bet. 
two tasks as regards either the stimulus presented or the response required or SP 2 
relation between them, and experiments on transfer have usually taken is 
form of presenting two tasks in which the second differs from the first т E. 
other of these respects, and assessing the gain or loss in performance of the hi. 
task resulting from performance of the first. "Stimulus" and “response lables 
in these studies been given connotations of varying width from nonsense bs 
and digits to general principles of complex displays and methods of ui NS 
whether they have been detailed or general, the process of transfer has bero ifie 
conceived within a framework in fact, if not in name, rigidly associationist, and tyP 
by the use of the term “identical elements” for what is transferred. — ust of 
It seems clear, however, that this traditional approach deals with а БР 
carry-over from one task to another which is only a special case of the mos in 
principle that performance at one task affects performance at subsequent imenta 
many different ways. Itis the purpose of this paper to describe some exper der the 
results indicating another type of carry-over which can be subsumed un виа ПУ 
general heading of transfer, but which lies outside the scope of the subject a5 


treated. 
п 


METHOD uh target 
The subjects’ task was to throw loops of light chain about 3 inches Jong а square 
ting of intersecting strips of fibre board arranged to form 7 X 7 32 


15 ” 
Heian the centre box is being outlined in white to act as the “pull. ct 
U.P.A. Rep? 


“ boxes,’ 
* This paper is based on work an account of which was given in N.R. 


No. 3, by J. Szafran, dated June, 1948. 
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This design of target 
ARE m get was chosen not only for the practical reason that th i 
ae xs do not slide aner they have landed, but because it enables aa 
racies on the “far-near” and “left-right” dimensi i 
d а т ; ions. Far-n - 
red nor only differs from left-right owing to the foreshortening of this ме: 
У 1e subject, but would seem to be of different origin. In throwing underhand, for 
he n ce, inaccuracy on the left-right dimension is due essentially to a failure to throw in 
Mo LCS о whereas that on the far-near dimension is due either to an error of 
on Bon or to releasing the chain at the wrong time, or to throwing too hard or not hard 
the 1а: or to some combination ofthese. The design of target was justified by results as 
ЕЕЕ ЕЕ on the two dimensions behaved very differently in some respects. For 
the DM purposes, however, they were very similar, and in consequence we have for 
UA of simplicity added the inaccuracies on the dimensions together when presentin g 
"m subject threw 50 chains under each of three conditions:— 
zd alee threw directly at the target which was placed flat on the floor some 8 feet 
в, я 
The same as A, except that the s 
32 inches from the ground and 53 


Sue bar so that as regards display t 
owever, made more difficult by the constraint that the subject 


s high “lob” to clear the bar. 
* The subject threw over a screen which hid the ta 


could only be seen via a mirror placed beyond it. 
reen were the same as those of the bar, the effector task was the same as that of B. 


gue Screen and mirror, however, made the perceptual task more difficult, especially 
S regards aiming in the far-near dimension which was reversed in the mirror. 
Cian 5 as subjects, who came from Polish Resettlement Corps Camps and Hostels in 
Six Ete ud were divided into six equal groups each of which was given one of the 
random. 8 orders of presentation of the three tasks. Assignment to these groups was at 
he саре that they were balanced as regards age. 5 

e target. E were instructed to aim for the 3-inch square which formed the centre of 

with REED totake their own time. They threw the whole 150 chains at a single session 
breaks between the groups of 50 for the recording of results. 


III 


RESULTS 
hree tasks are set out in Table I, from the last 
hat there are small but consistent differences 


ubject was required to throw over a horizontal bar 
feet away. The target was in full view underneath 


he task was unchanged. The effector task was, 
had to throw in a 


rget from direct vision so that it 
As the height and distance of the 


merus group average results for the t 
Columns of which it will be seen t 


Mr TABLE I 
AN INACCURACY IN INCHES PER THROW FOR THE SIX Groups OF SUBJECTS HAVING 
IFFERENT ORDERS OF PRESENTATION OF THREE CONDITIONS OF THROWING 


Mean of two 
Condition Presented Groups having 
Ord, Mean of | same condition 
er of Presentation First Second Third Group First 
Direct 
ў » Bar, Screen -08 ‘ 6:96 E: 
d 5:08 9! 5794 
ar b, Screen, Bar .. 28 722 5-19 6-03 5.93 
т 5 Irect, Screen .. 5:27 4:79 T3 5:79 
creen pom Direct 5:32 719 4°57 5°66 533 
‘Screen’ Direct, Bar 7-13 4-20 4-74 5°35 
n, Bar, Direct 6-86 4-79 441 5:35 5°35 
a Е 5:53 5:53 zs Fa 
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between the various order of presentation groups. The average inaccuracy of the 
groups who first threw direct is higher than that of the groups who first threw over 
the bar, and these again are higher than those who first threw over the screen. 

This is a surprising result not to be expected from an experiment of this design, 
which is essentially an expanded form of the well-known transfer paradigm: 


Matched Groups First Task Second Task 
Group т A B 
Group 2 B А 


With this design, unequal difficulty of the two tasks will, if it can be represented 
in the scores as a difference of simple additive factors, make no difference to the totals 
of the two groups for both tasks together. If, on the other hand, the inequality of 
difficulty is such as to require representation in the scores by different multiplicative 
factors, the combined effects of difficulty and improvement with practice will cause 
the total for the group which receives the more difficult task first to be higher than 
that for the group which receives the easier first —the opposite of the present finding. 

Unless some very remarkable mischance of sampling has occurred, it seems 
clear that there is an interaction between task and position in the order of 
presentation. This is brought out by the figures in Table II, from which it will be 
seen that while inaccuracy in the direct condition was substantially lower when this 
condition was presented second or third than when it came first, in the screen con- 
dition it was a little higher in the second and third places than in the first. 


TABLE II 


MEAN INACCURACY IN INCHES PER THROW FOR THREE CONDITIONS OF THROWING 


All three 


Presented Presented Presented va 
Positions 


Condition First Second Third 


4:86 
5:06 
7:09 


Direct 
Bar .. 
Screen 


consideration : 
—1.е. practice 
ditions, 


Two possible explanations of this interaction appear to deserve 
(а) that the three conditions are not equally amenable to practice 

effects are greater in direct throwing than in the other two con 
(b) that the different tasks produce different transfer effects. 


It is impossible to make any adequate assessment of practice effe 
present experiment, but some indication of them for the direct and scree 
can be obtained from the results of nine additional subjects who threw two 56 
sets of 50 chains direct, and of 52 additional subjects who similarly uh the 


direct throwing was less than in throwing over the screen. 


were due to the conditions not being equally amenable to practice. oma few 
the practice effect for direct throwing is assessed from the results of on "a from 
refore not very reliable, but even if these are exclude 


atly ? 


subjects and is the 
refore 


consideration altogether, 


the practice effect for the screen condition is gI* 
variance with the figures for this condition shown in Table II. 


It seems, the 


of what would be expected if the interaction observed in the present € ue that 


ate 
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t : А 

emm explanation of our results in terms of different transfer effects produced by 

a hree conditions of throwing is to be preferred to an explanation in terms of 
ering practice effects. We will proceed to examine these transfer effects in 


greater detail. 


Transfer Between First and Second Tasks. 

ped the means for the groups of 14 subjects who received each task after 

i y à others, with the means for the 28 subjects who received the same task 

The net obtain figures for absolute and percentage transfer as set out in Table III. 

d REM points about this table are the substantial positive transfer effects 

[C e bar and screen conditions to the direct condition, and the small negative 
sfer effects from the direct and bar conditions to the screen condition. 


TABLE III 
TRANSFER EFFECT IN INCHES PER SUBJECI PER CHAIN FROM FIRST TASK 
TO SECOND 
Presented First Presented Second Transfer Effect 
Direct Bar +021 + 4% 
Direct Screen — 0:22 — 396 
Bar Direct + 0-79 * + 14% 
Ваг Screen = Ol — 296 
Screen Direct + 1539 * + 25% 
Screen Bar + 0:50 + 10% 


* Indicates significance at the 1% level. 
he third column is the difference 


ра the mean for the task concerned of the 14 subjects who received 
e task in the second position, and the mean for the task concerned 


of the 28 subjects who received it in the first position. 


The transfer effect shown in t| 


Im; 
portance of the Task Presented First. 


TABLE IV 
TRANSFER EFFECT IN INCHES PER SUBJECT PER CHAIN FROM FIRST 
Task TO THIRD 


eo ee 


Presented First Presented Third Transfer Effect 
Direct Bar + о-1т + 2% 
Direct Screen + 0°04 + 1% 
Bar Direct + ror* + 18% 
Bar Screen — 03I = 500 
Screen Direct 127% + 219% 
Screen Bar + 0:56 1 + 10% 
* Indicates signifi t the 1% level. 
Web o level when tasks presented 


| Indicates significance at the 5 

second and third are considered t 

The transfer effect shown in the third column is the difference be- 

tween the mean for the task concerned of the subjects who received 

the task in the third position, and the mean for the task concerned of the 
28 subjects who received it in the first position. 


ogether. 
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The indication from the last column of Table I that transfer effects are dependent 


upon which task is p 
From Table IV it wi 


the task presented third, are essentially similar to those 


while from Table V it will be seen t 


is in all cases small. 


TRANSFER EFFECTS IN INCHES PER SUBJECT PER CHAIN FROM Ѕесомр T. 


И E eee 


TABLE V 


to THIRD 


Transfer effect when subjects 
receiving task presented third 


hat the transfer from the second to the thir 


resented as the first of the three is confirmed by Tables IV and У. „= 


ll be seen that the transfer effects of the task presented firs 
on the task presented second, 


t on 


d tasks 


ASK 


Transfer effect when subjects 


veceiving task presented Hr 
ave compared with those sub- 


Presented Presented ave compared with all subjects 
Second Third veceiving that task second. | jects who received that 195 
after the same first task. 
Direct | Bar + 0:20 +4% + 0:05 y% 
Direct Screen — o'15 — 2% — o:20 - 3% 
Bar Direct + 0:08 + 2% d = 5% 
Bar Screen + 0.19 + 3% + 0:26 a 4% 
Screen Direct + 0-08 + 2% + 0:22 + 5% 
Screen Bar — 0:25 — 596 + о-1т + 2% 
tho mE 
The transfer effect shown in the third column is the difference between the men fo eat 
task concerned of the 14 subjects who received the task in the third position, andt x The 
for the task concerned of the 28 subjects who received it in the second position. ibe 
effect shown in the fifth column is the difference between the mean for the same T ane 
jects and 14 subjects who received the task concerned in the second position, both £ 
having received the same first task. 
None of the values are significant. 
IV i 
DISCUSSION | 
The Cause of the Observed Transfer Effects. n - Tables n - 
It does not seem possible to account for the transfer effects indicated In thesis Ё Eh 
and IV in terms of either stimulus- or response-similarity. On the уро var to 


positive transfer occurs when the stimu 
that of the first we should expect: 


(a) A relatively large positive trans 
bar, and vice versa, since the display in these two c! 


mately the same. 
(D) A relatively small positive or а negative tr 


condition was considerably different from that of the others. ave : 


fer from direct throwing to thro 


ansfer from t : 
since the display 10 


k is sim! 


lus presented by the second tas 4 


wing over n3 
onditions was ® 


conditi 
hese ihé screen 


throwing over the screen, and vice versa, 
osit! 
, it will be seen from the tables that although the expected F posite 


With regard to (a) 
transfer occurs from the bar to the di 
direction is very small. With regard to (b), the requireme 
fulfilled by the negative transfer from both the d 
screen condition, but are strikingly contradicted by the 
the screen to the direct condition. , 


rect condition, similar transfer in ST ais |. ° | 
t 


nts of the hypo 


irect and bar conditions r from 


large positive transfe 


^ 
t 


А 
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On the hypothesis that positive transfer occurs when the response required by 

the second task is similar to that of the first we should expect: 

(2) A relatively large positive transfer from throwing over the bar to throwing 
over the screen, and vice versa, since the effector action required was the 
same in both conditions. 

(b) A relatively small or negative transfer from direct throwing to both the 
other conditions, although not necessarily vice versa, because while the 
effector action likely to be adopted when throwing direct was inappropriate 
to the other conditions, that likely to be adopted in these other conditions 
could be used. when throwing direct. 

With regard to (a), it will be seen from Tables III and IV that while a positive 
transfer occurs when the bar condition is preceded by the screen condition, the 
transfer in the opposite direction is negative—i.e. the reverse of that required. 
With regard to (5), the expected transfers from direct throwing to the other conditions 
Occur, but while the direction of transfers in the opposite direction are not incon- 
Sistent with the hypothesis, their magnitude relative to those discussed in (a) is 
out of all proportion to what would be predicted on the basis of response-similarity. 

The inadequacy of both these hypotheses in the present case, leads us tentatively 

to suggest an alternative in terms of relative difficulty of the tasks. It is that— 

(i) When an easy task follows a dificult, transfer will tend to be positive. 

(ii) When a difficult task follows an easy, transfer will tend to be negative. 
Predictions made on this hypothesis are, of course, subject to modification by the 
fact that some aspects of the two performances may be similar and lead to transfer 
along the lines of the conventional transfer theories. This applies especially to 
Positive transfer appearing in the form of “practice effects,” which would tend to 
increase (i) and diminish (ii), so that in a practical case an easy task following a 
difficult might show a large positive transfer effect while a difficult task following 
an easy might show a transfer effect which, while still positive, was smaller. The 
Proviso should probably also be made that the difficult task must not be so difficult 
as to cause failure to achieve any reasonable standard of performance. 

On this theory we should expect transfer to be: 

(т) Substantially positive from the most difficult condition, 

the screen, to both the others. 


ie. throwing over 


(2) Substantially positive from throwing over the bar to direct throwing. 
ing to both the other conditions. 


(3) Small or negative from direct throw! 1 г > 
(4) Small or negative from throwing over the bar to throwing over the.scre s 
is It will be seen from Tables III and IV that the pattern of transfer effects observe 
adequately accounted for by this theory. : 
When the scores are expressed in units which permit them to be regarded = 
€ sums of additive factors, it is convenient from certain points of view to state 
1s hypothesis іп another way: А Wm 
lf two tasks of unequal difficulty are presented, achievement at the two asks 
considered ee after allowance has been made for practice effects, will tend 
T to be greater when the harder is presented first, than when the easier is presented first. 
he h i i i ith the means in the last column of 
pothesis stated in this form agrees wit : 
Table I, where, as has been previously indicated, the mean inaccuracy for all three 
tasks taken together was least when the subj ects threw first in the hardest condition, 
Le. over the screen, and greatest when they threw first in the easiest, i.e. direct. 
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The Nature.of the Transfer Observed. 


: The large and consistent transfer effects from the first task to the second and 
third, and the small transfer effects from the second to the third, make it clear 
that the transfer with which we are dealing is not something which follows inevitably 
and automatically upon performance of any task, but is to be sought in terms of 
some influence of the initial task upon performance at subsequent tasks. As to the 
nature of this influence, three possibilities appear to deserve consideration: 


(a) The receptor comprehension and effector organization necessary for the per- 
formance of a task is more easily built up than modified, so that a subject 
will tend to deal with subsequent tasks by means of the comprehension and 
organization built up during the performance of the first. A difficult task 
will produce a greater measure of comprehension and organization than will 
an easy, so that a subject who has a difficult first task will approach subse- 
quent easy tasks with what is in a very real sense a greater ability than he 
would otherwise have had. When, on the other hand, an easy task comes 
first, the comprehension and organization it produces will be inadequate 
for dealing with subsequent difficult tasks, and will require modification 
when these are performed. 


(b) The subject approaches the first task with some expected standard of perfor- 
mance which is preformed and more or less independent of the condition 
under which the task is presented, e.g. he regards a bull as “good” and ап 
inner as “fair” and anything else as “ poor.” When he approaches а secon 
task he recognizes that it is easier or more difficult than the first, and adjusts 
his standard of performance accordingly. The standard set for an easy 
task which follows a difficult will thus be higher than that set for the same 
task when it comes first, Similarly the standard set for a difficult task which 
follows an easy will be lower than that set for the same task coming first. 

(c) The subject approaches the initial task with some expected standard of 
performance as described above, and adjusts his level of care, effort, et» i 
attain this standard. When the initial task is difficult, this level will P 
high; when it is easy, the level will be low. If the initial level carries OVER 
to subsequent tasks, those which are easier than the initial task will be 
done better than they would have been had they come first in the series, 
whilé those which are more difficult will be 


у done worse. 
The evidence from our 


profitably aim not at establishing the operat 
anisms to the exclusion of others, but at 255655 
eration of each, 


ing 


BOOK REVIEW 


The Bi 
ae i J rir yc By roet S. Penrose, M.A., M.D. With a Preface by 
otes . В. S. HarpawE, F.R.S. London: Si i k: 
Pp. xiv + 285. With 7 plates. 21s. IRR аа 
that “were angels to write books 
Professor Penrose, having 


ix deal with general topics— 
fication of mental defect; 
h the aetiology and 
and a final chapter with treatment. To 
ga comprehensive but not 


rather t ER k 
han in its practical utility in the class-room. 
ointof view. Anotheris the remark 


d inductive science with 
Professor 


Menta) 

setting. ив possible. It also implies а regard for the who 

Incidenta] ES ment beings are the object of study and they are not to be set aside as the 

Tn their cone ofsubnormall.Os. Concepts such as Mental Defect, and Intelligence, 

why they noeh sense, have a considerable vagueness in definition—which is one reason 

With what d useful. They are no more measurable than is Health, and to identify them 

d ermometer as be measured, e.g. performance on à test, is like regarding the clinical 
anger to our 2 а means of measuring Health. To borrow Ramsey's words: “the chief 

Of Which is tren hilosophy, apart from laziness and woolliness, is scholasticism, the essence 

Useful aids tone what is vague as if it were precise. . - ," Mental tests are seen as 
ifferent as b inical study, and no more; further, "each different mental test measures à 
ff pect of intelligence, just as measurements of stature, span, or girth measure 


ifferent 
Inportant pects of body size." Failure to perform adequately tasks of this kind is an 
ther characteristics of 


efectives 
for instance, be more 


Useful than testi 
ап testing the intelligence. fusal to be misled by the continuity 
тега: s 


of Som 
€xhibi r their causes must 


е made p, 


E distribution of I.Qs. is no bette 
distribution of scores on a tes 


The belief that only a e 
tal defective, because both can be fitted into а 
г founded in logic than the similar belief that a 
t of “neuroticism,” as be 

them. Professor Penrose 


discover un 
d when abnorma 


b teach: 
acres d ‘aching on this point too often relies on the I 
SH Would « There are more low grade defectives 
tasti E expected "—therefore, the argument runs, some of them are aetiologically 
t ever, presupposes that in test scores we 

i scalar distortion would 


Net f, 
e à Tom the others. The "expectation," how! 
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setting out more formally his own point of view. Nevertheless, I think all of this is 
implicit in his work, and largely taken for granted—as it probably would be taken for 
granted by most biologists, though perhaps not by most psychologists. The Biology of 
Mental Defect is not a polemical work, and often disapproval is conveyed quietly, but 
unmistakably by omission. Like Macaulay's conversation, after he returned from India, 
the work is “enlivened by occasional flashes of silence." A glance through the bibliography 
will show how many unedifying ideas we have been spared. 

The writing is lucid and compact, and often marked by an attractively barbed form of 
understatement (“Goring expounded the view that... the criminal was, on the 
average . . . inferior to the man who arrested him. . . .” Nineteenth-century criminolo- 
gists "initiated an enormous amount of measuring of ргіѕопегѕ.”) ' In places the argument 
is perhaps over condensed, though this seems generally to be the result of a praiseworthy 
effort to keep the mathematics from proliferating unwholesomely. I doubt, for instance, 
whether anyone not already familiar with the subject would follow the derivation of the 
formule for consanguineous unions on pP. 100-101. Nevertheless, it is a considerable 
achievement to have written the chapter on Methods of Analysis in Human Genetics in 
terms which the noh-mathematician should as a rule be able to follow. In the clinical 
Sections he has avoided the gastronomic terminology popular with earlier descriptive 
writers: even the traditional “ cherry-red Spot" of the Tay-Sachs macula has been replace! 


by the more accurate if less succulent epithet "brownish-red." Illustrating these sections : 


are photographs of a really hand-picked assortment of grotesques. The historical back- 
ground is well described in an introductory chapter; and the opposing attitudes of religious 
bodies (the contrast lay originally between Eastern and Western Churches) are neatly 
summarised in Luther's assumption "that idiots were the illegitimate children of the 
devil, and the later view which christened them “Zes enfants du bon Dieu" (crétin, we Are 
reminded, is a corruption of chrétien). Professor Penrose's own view inclines rather to the 
latter interpretation, and his chapter on treatment is devoted, encouragingly enough, to 
the things that can be done to help these children'back into the world and not to the 
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presented to the subject successively at irregular intervals of time (e.g. Telford, 1931; 
Vince, 19483), it was found that the subject's reactions interacted with each other, 
the reaction time depending upon the time interval since the last reaction. This 
finding led Telford to the theory of a "psychological refractory phase," which he 
believed to be comparable to the refractory phase of isolated nerves. Attempts such 
as this to explain the complex in terms of the simple, although frequently successfu 
in both physics and physiology, have on the whole proved singularly unsuccessful m 
psychology. Itis becoming clear that the functioning of higher levels of psychological 
organization require new concepts specific to themselves, which cannot be arrived at 
merely from a consideration of the functioning of lower levels of organization. The 
human subject can anticipate, can make specific preparations for the immedi: 
future, both on the sensory and on the motor side, in a way that an isolated nerve 
cannot. 

In Telford’s experiment no attempt was apparently made to eliminate t 
on the subject’s performance of his expectancy when, after his last reaction, 
signal would arrive. Yet one would predict from Mowrer's work (1940) 
subject, not knowing whether the next signal would arrive after 0:5, 10, 2:0 OT 40 
seconds, would usually aim to be ready for the next signal somewhere between. Е. 
middle two intervals of 1-0 and 2:0 seconds. In which case he would very definitely 


ate 


he effect 
the next 
that the 


not be ready when a signal occurred after 0:5 seconds, and his readiness would Y. 
fallen off again if the signal was delayed for 4:0 seconds. The curve for pio M 
mes 


readiness would thus correspond closely to the curve for mean reaction ti 
Telford actually reported. It seems doubtful, therefore, whether his re$ 
any further significance than this. ince 
A similar criticism can be made of Vince's experiment. In addition, M 
presented some pairs of signals very close together, so that before the subject hat 
had a chance to move his pencil upwards, he received a signal which indicated th 
he had to move it back again. In these circumstances the subject was nO 
definitely what he was expected to do, whether he was to move his penc! (He 
and then down again, or to curtail his upward movement as far as he could. 
was simply told to keep his pencil on the line he was following.) Where he did os 
the complete up and down movement, the very fact of having to make the E. duly 
movement before starting on the downward movement, may have delaye Dr in 
the latter when the time interval between the two signals was short. T h s gn "They 
reacting which Vince found thus appear to be relatively complex in origin. gin 
cannot be accounted for adequately in terms of a single theoretical concept» 
fact she made no attempt to do so. х по 
Although serial reaction times have been studied experimentally in this way» 
attempt appears to have been made to study reaction times for the alte 
complex graded response. Yet it seems possible that certain effects whic 
important in everyday life, may be lost by experimental simplification 
level of serial reactions. Thus while one of the experiments described be E 
the serial reaction type, but with expectancy controlled, the other uses 
graded responses instead of simple reactions. This is still а simplificatio” 
everyday life situations, but at least it is less so. 
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rather than the classical reaction time experimental arrangement, is closer to situa- 
tions arising in everyday life. The subject had to trace out a fully visible pattern 
as quickly as possible. (See Fig. r.) Е 
The pattern consisted of three identical V's lying on their sides one above the other. 
Electrical contacts were let flush into a plastic board at the bends, and just beyond 
these on either side was a brass bar which recorded errors due to overshooting. The 
subject was given a pencil stylus which he had to keep in contact with the plastic 
board. At the sound of a hammer, which followed a warning buzzer after an interval 
of approximately 2 seconds, he was instructed to move off the starting contact point 
(Contact O) and trace the pattern as quickly as possible, touching all the other 
electrical contacts (but not overshooting so as to touch either brass bar), trying to 
beat a target time he had just set himself. Full knowledge of results as to the time 
taken, and the errors made in over or undershooting at the bends, was given after 
each attempt. 
On one day a bell sometimes rang during the subject’s performan 
ted that he had to stop on Contact 4 after tracing the first two V’s, an ў 
V. On another day the subject was instructed only to trace out the first two V'S; 
in which case, if the bell rang, he was to continue and trace out the third V as well. 
On a third control day the subject had to pay no attention to the bell when it rang, 
12 of the subjects always having simply to trace out the first two V's, the other 12 
allthree V's. These three experimental procedures, and the lengths of the warning 
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period between the ringing of the bell and the subject reaching Contact 4 (the point 
at which the performance had to be altered on these occasions), were arranged in 
peus Square form. The 24 subjects were all naval ratings, aged between 18 and 
20 years. 


(a) Anticipation has а unifying effect in skilled performances. 

eaction time at the start of the pattern tracing was 
about 0-025 seconds longer than the subject’s simple reaction time when all he was 
instructed to do was to break the first contact with his stylus, the times lying in the 
region of 0-175 seconds for the auditory signal given. (See Fig. 2.) This is in line 
with earlier findings (Woodworth, 1938). 
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ordinary complex graded reaction time before he could stop the movement, anda . 
median of about 0-35 seconds longer before he could start to extend it, there being | 
significantly more long delays in the latter case. Further, the extension showed 
significantly more errors, from over or undershooting at the bends, than the rest of 
the performance, although such an increase in errors was confined to half the subjects. 
For the sudden unexpected extension, the distribution of times between the bel 
signal (which occurred as the subject touched what was normally the last contact, 
Contact 4), and the touching of the first additional contact by the subject, is shown in 
Fig. 3. Each time thus includes the subject's reaction time and his movement time. 

This increasein the initial reaction time of the complex graded or skilled response, as 
compared with a simple response, and the apparent difficulty in suddenly and unex- 
pectedly altering the skilled response, suggest that even such a simple skilled response 
as this is not merely a series of discrete responses. The whole performance is domina- 
ted by the anticipatory mental set or aim of the subject, and is to this extent a single 
whole. During the foreperiod the subject is preparing for the whole performance, 
not merely for the first little bit of it. At the starting signal the subject does not 
simply move off the first contact point, he begins to make a complex graded mou 
ment. And during the performance the subject is making a complex graded mov a 
ment with a definite point of completion at the end, not merely moving from 0? 
contact to the next one. (This does not mean that every detail of the movens 
has been predetermined during the foreperiod, and that the performance 15 ue. 
“triggered off" by the starting signal. The results in (5) below, suggest that secon 
corrections are possible during the course of the performance, although there Wa 
some delay before they can come into operation). A f the 

The performance of the experimental subject is thus not purely a function wi. 
present stimulus and of past experience. It is also partly a function of the p" 
of the subject's anticipatory mental set or aim. This aim has а unifying ё 5 
converting what might otherwise be a series of discrete responses to à succession 
stimulus situations, into a single skilled performance. 1 
(D) Psychological refractoriness is due to the necessity of creating a new mental sel. 

It was also found that provided the bell started to ring at about 0.6 ES 
before the point was reached at which the performance had to be altered "chow in 
time when this point was reached could apparently be eliminated. This is 5 jé must 
Fig. 3 for a sudden extension of the performance. Presumably the reaction m able 
have occurred concurrently with the performance of the task, the su 
to divide his attention between his present performance and the intence 
The only occasions on which the performance was slowed down significa ne 
during the interval between the sounding of the bell and the reaching 0 h certai® 
point, occurred when the task had to be abbreviated. This was only wit 
subjects, who generally reported afterwards that they had concentra’ ed 
beating their set targets than on listening for the bell. а x reached 

When the bell started to ring at about 0:3 seconds before the point v» pet wee? 
at which the performance had to be altered, the results were intermedia” | ngth- 
no warning period and a 0:6 second warning period. Thus reaction time 2 та a5 
ened in about 25 per cent. of the cases, which was only about а third ее pee? 
occurred when no warning period was available. Reaction time had арра tion tims 
eliminated in about 30 per cent. of cases. There were no significant I. len£ v 
differences between extending and abbreviating the movement with this 
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III 
REACTIONS TO Two SUCCESSIVE SIGNALS 


This experiment was designed specifically to discover whether so-called psycho- 
logical refractoriness was due purely to the subject not being ready for a response 
because he was not expecting to have to make it, and so had not prepared himself; 
or whether under certain conditions refractoriness was at least partly due to the 
subject not being able to prepare himself. For the results of the experiment in $1 
above (Occasional Alteration of a Skilled Response at a Given Point) suggested that 
provided the subject had plenty of time in which to prepare himself, and knew when 
he had to respond (or change his response), he might be able to do it without any 
so-called psychological refractoriness, regardless of what he had to do immediately 
beforehand during the foreperiod. 

In this simplified version the subject had merely to respond to two auditory 
signals, a bell and a hammer, the second signal following the first after a short interval 
of time, by moving a key a short distance in one direction, and then in the reverse 
direction. The pairs of signals occurred in series of 12, at intervals of 1:7 seconds. 
In each series the first signal was omitted once, and the second twice, in order to 


first signal 2$ quick as possible. The two parts, two signals, and two response 
directions were arranged in Latin $, i 


У ted, 
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attend to it altogether. Assuming the same incidence in the non-catch episodes, it is 
probable that in 12 + 6 of the reactions to an expected second signal, the distribution 
of the times of which are given in Figure 4, the signal did not receive adequate attention, 
as judged by the number of false reactions. Whether this was because the subject could 
not give it adequate attention and also react as quickly as he did, or simply because he 
did not do so, it is impossible to tell. At all the other time intervals between signals 
there were less false reactions than at this o-2-second time interval; and false reactions 
were rare both when the subject had to react to a single signal, and in the series when 
the second signal only occurred occasionally. 


The results above show that even though the subject knew when to make his 
second reaction, and could thus in theory prepare himself for it in advance, yet 
having to react to a signal during this foreperiod a short time before making his 
second reaction, did delay it on a significant number of occasions. Apparently 
reactions to two expected signals, either of which on occasions may not occur, requires 
not a single mental set, but two distinct sets, both of which need time in which to be 
builtup. And part at least of the second set cannot be built up until after the first 
reaction. A foreperiod of a certain length, undisturbed by having to react to other 
signals, is thus required if reaction time to a signal is to be minimised consistently- 

, When the subject was instructed to neglect the first signal, and simply to react 
as quickly as possible to the second signal, the reaction time distribution Was not 
significantly different from that of an unexpected single signal, both for intervals 
between the two signals of 0-4 and o1 seconds. There were, however, а few more 
rather long reaction times with the distracting signal, mainly due to one subject. There 
were also a few more premature and false reactions with the o-r second time interv? 
between the two signals, again mainly due to one subject. This was presuma 
because the о-т Second interval encouraged the subject to react at the expected tim? 
of the second signal, instead of waiting until he had heard it. An expected sign 
itself during the foreperiod therefore has little if any effect on the reaction to аи 
expected second signal. It is only a second signal to which a reaction has to 
des gaim has sey significant disturbing effect. 

-t will be seen from Fig. 4 that, as judged b ion times, 
subject was frequently as ready for Thee Porcia i ie renti 
although subjectively this seemed to require a good deal of effort. This sugg? 
that the kind of so-called psychological refractoriness which cannot be eliminate 
forewarning the subject, is only true statistically; that although it holds for а Ae 5 
of responses as а whole, yet it need not occur in every individual case. саде 
as revealed by reaction times, seems to vary from stadt to instant. All but ks 
ш degrees can apparently be achieved relatively quickly, provided the subit 

nows a itis required of him, and is prepared to make the necessary effort. Simply 
m ik po times fails to call attention to this distributional overlor j 
invalidate the ne mus skewness of the reaction time distributions, which ееп 
them. e Е test in assessing the significance of the differences be a 
in са SU between the two signals was reduced to o-r seconds, the E 
Um nd reaction was much more marked, there being relatively little ove" e 
between the two distributions, But it was found that the distribution ©! ipu- 
nae. between the two reactions was not significantly different from the distrib e 
cpi ны н which occurred when the subject was instructed to ma "ther 
once P Fas o a single signal, in spite of there being a few more of the та the 
d M RUD апета) between the two discrete reactions. Hence at least part’ of 

elay in the second reaction may have been due to the mechanical difficulty 


the 


mC-————————— ee e 


iN 


PE 
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alled psychological refractoriness. This 
must almost inevitably occur when the 
With such an experimental arrangement 


re i i 
us quickly enough, and not to so-c 
а ect in experimental technique which 
mo is the opposite of the first. 
Tl iuo и so-called psychological refractoriness must be suspected whenever 
BRE cor саж are separated by ап interval of about o'I seconds or less. This 
ARS at least partly be overcome by making the second reaction an extension 
БЕ Vince, 1948b; Hick, 1949). 
e interval between the two signals was increased to 0-4 seconds, the 


distributi f 
p cena times to the first and second signal were not significantly 
‚ provided the second signal was expected. Apparently 0-4 seconds gives the 
second response, 


Subjec E: : 

S sin i a, in which to complete his preparations for his 

of the additio xy he has to do so, and makes the necessary effort. This elimination 
two signals (the delay when an interval of 0-4 seconds was available between the 
the additional vb iis signal being expected), is comparable to the elimination of 
ahead in SIL elay (and apparently of the reaction time also) at the given point 
formance of 0) when а warming period of 0:6 seconds was available during the per- 
or not) at a 1e skilled movement. Preparing for a simple choice reaction (to respond 
of a skilled si time ahead, took about as long as preparing for a definite change 
Intended res esponse at a given point ahead while performing. In both cases the 
being fen ропѕе could only receive part of the attention, the rest of the attention 
Occurred, 4 m the first case in determining whether or not the second signal had 
Second я г there were occasional checks to prevent false reactions; and in the 

se in performing the skilled movement. 


() P j 
d chological refractoriness can result from incorrect perceptual anticipation. 
en the second signal only followed the first relatively infrequently, and the 


Subject Š 

w À : 
as instructed to concentrate on keeping his reaction times to the first signal 

eaction times to the second signal showed 


any of the time intervals between o'I and 0:85 


for intervals between signals of o'I, 02 and 
There was little difference between the reaction 


ао. 
distributions at any of these time intervals. 

Second si hening of the reaction time to an unexpected 

gnal, as compared to an expected second signal when the subject was in- 

sible. This and the finding that the reaction 

ime interval 


s relatively indepen! \ 
due to the subject not expecting 


о 
an unexpected second signal wa 
ared himself 


etwe 
e T ae signals, suggests that the delay was 
Not due < signal when it occurred, and so not having ргер' л 
Simply to the subject not having had time for such preparation. 
al refractoriness: lack of 


thus ў 
1 H 
ustrates two distinct factors in so-called psychologic 
lack of readiness due to 


Teadin 
e : 
ss due to insufficient time in which to get ready, and 
ady for. It will be seen that the latter 


Not realis: 

ап on that there was anything to get re 
Ponisi mor delay than the former. 

(1948), do $ experimenters on the “psychological refractory phase,’ 

› do not appear to have made this distinction. As usually design! 

i asional pair of signals close 


есеју <: 

S S : * å 

together ingle signals at irregular intervals, tees i 

à i ional demands а movemen 
ke the first move- 


m the 

men Opposite direction to the first be 

d that such pairs of signals are liable to occur 
ying to do 


Someti d 
о а he is not even warne : 
to time. In such experiments different subjects may be tr 


› other than Hick 
ed, the subject 


from + 
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different things when a second signal does closely follow the previous one. Зар it 
is left to the reader to infer from the experimental design and instructions how "d 
the so-called psychological refractoriness which is reported is due to insufficient i. 
in which to get ready, and how far it is due to the subject not getting ready as М Е 
not expecting a second signal so soon. For example, Vince's conclusion (19482) tha : 
“А second stimulus is not likely to evoke a second response until an interval of abani 
0-5 seconds after the appearance of the first stimulus has elapsed,” must be zemie 
to the experimental situation from which it was deduced. As described in epe 
3 (а) above, when the subject is expecting a second signal, he can always be d 
0-4 seconds after a previous signal to which he has responded. Often he can be rea T 
after 0:2 seconds. Long delays are due predominantly to incorrect anticipation, ап 
not to actual inability to get ready in time. hö- 
. This finding again demonstrates the inadequacy of discussing so-called рзус " 
logical refractoriness in terms of a "psychological refractory phase” analogous to l t0 
refractory phase of nerves. However long a time the subject is allowed in Met. i 
recover from his previous reaction, if he is not expecting to have to make a furt a 
reaction, he is unlikely to prepare for опе. When a signal further does arrive, there 
fore, his reaction to it will be delayed. m d 
This additional delay which occurred when the second signal was not E d 
is comparable to the additional delay which occurred in SII (a) above, when the ski i А 
movement suddenly had to be altered. That the delay was frequently much оле 
in the case of the sudden alteration of the skilled movement, may have been becau: 


of a necessary foreperiod. 


P te 
The findings of these two comparable experimental arrangements thus illustra 


Bartlett’s (1932) contention that although an experimental simplification may а 
useful in revealing effects which operate in a complex situation, yet that some effec т 
may be lost by such simplification, One Solution of this dilemma would appear 
be to experiment as here at the level of both Simple and more complex behaviour. 


IV 
GENERAL Discussion an 


So-called psychological refractoriness cont 
not seem to have been clearly distinguished by 


D CONCLUSIONS 


а ао 
ains two distinct elements, M 
most previous experimenters. 
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nd because he is not expecting a signal, and so 
lement which seems to cause the long delays 


before : . 

skilled Se eg especially when the subject is expecting to have to complete the 

IS as mot e 1s performing. And secondly the subject may not be ready because 
ad time in which to prepare himself. Thus if he has had to respond to 


ап expe У 

хрес s iere : 
pected previous signal 0-2 seconds before the critical signal, his readiness as 

e оп a significant number of occasions 


which to respond. Even in this case, 
majority of occasions. If the subject 
self, he can always be ready. These 
en, because the extra delay due to incorrect 


anticipati 
pation has been excluded. The mere occurrence of an expected signal just 
hen the subject is told to neglect it. 


efo; Fan 
VENUE Rm signal has little or no effect w 
Ponse has ая of or seconds or less between two signals, to both of which a res- 
be due to th e made, at least part of the delay in responding to the second signal may 
inevitably v mechanical difficulty of responding quickly enough, such as must almost 
to the first, cur when the second response has to be made in a direction opposite 

Peay: 

Eos kinds of so-called psychological refractor! 
misleadin е combination under the heading of a “psychological refr: 
Subject E. Firstly, the lack of readiness which is due to à failure on the part of the 
not due ue nae himself, because he is not expecting to have to respond, is evidently 
Tequired fi is having to recover from his previous response. And secondly, the time 
to be ext or such preparation was found to be longer when a skilled response had 
this ae than when it had to be stopped. This suggests that at least part of 
in ема occupied in the subject preparing for what he had to do next, and not 

e tebe’ from what he had just done. It will thus be seen that the analogy to 
ory phase of nerve is misleading. For whereas а healthy nerve 1s always 
been stimulated, in 


ready fo 

the int r almost instantaneous response, except just after it has 7 
of an immediately preceding foreperiod 
od during which 


Which 
Without such а foreperi: 
ssary minimum duration of the 
n time will be lengthened, 


pn б ИЕН 
is atte the absence of an immediately preceding reaction. Further, if by dividing 
„tention the subject is able to prepare se while making his 

ay be сотр 


one, so-called psychological refractoriness M 
P à is dominated by the anticipatory menta 


Set or ee mace of a skilled response t 
time; if of the subject. The initial reaction time 15 longer than a simple 100% 7. 
een performance has suddenly ап be changed, à E is 
Teacting ty a very long delay before this can occur, muc T than the eta 
e Minis a Signal which unexpectedly follows th c us Si А En 
SXtensio nge in the skilled response involves an extension of the movement, i 
Subject’ is likely to be erroneous, particularly in the case of С e 
Right ot anticipatory mental set or aim thus has a unifying effect, C 
to а Mir erwise be a series of discrete responses to a succession 0 
e 81е skilled performance. 
s &pproach to human performance which attem 
be broadened 


th j 
Ms em may not be ready to respo 
ot prepared himself. It is this е 


oriness unseparated, and 
actory phase," is 


ret it purely in 


to inter 
p £ t's mental 


to take the subjec 
ical refractory 


Set ot past and 
SW present, thus needs to ed to ti 
Phage” ards the future into account. The concept of a psycholog ] ud 
hase of nerve, is an example of this bac 


с 
omparable to the refractory Р 
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orientation on the part of psychologists. Attempts to split up a skilled paler ee 
into elements, each of which is believed to depend purely on the elements ee 
preceding it, isa further example. The evidence here presented shows tha i by the 
case is this the complete picture. Present performance is always дзее a 
subject’s idea of the immediate future, by what he expects to happen, and by 

he is trying to accomplish. 

A аи of the findings of the two different experimental arrangements ue 
Showed that only the more complex experimental arrangement was able to ES. 
that the so-called psychological refractoriness which Occurs even when the Е.) a, 
knows what to expect, is due to his having to prepare himself for his future ren ut 
rather than to his having to recover from his previous one. Although an ec E. 
mental simplification may be useful in revealing effects which operate in a сотр 
situation, yet some effects may be lost by such simplification. 


ical | 
It is recommended that in any further experiments on so-called psycholog 


fo. .. 


refractoriness, the experimental design should ensure that:— 


is 
(i) The subject’s expectancy of the signal should be controlled as far as 
possible. 


ignals 
(ii) He should receive definite instructions as to what he is to do when two sig 
closely follow each other. 


P Е С died, 
(iii) When intervals of o-x seconds or less between the two signals are stu 


P us 
the required response to the second signal should be in the same И: 
the response to the first signal, as in experiments by Vince (1948b) an 


(1949). 


| 
ting 
Iam greatly indebted to Professor Sir Frederic Bartlett, F.R.S. for presen ave 
the problems and theoreti 
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CURAL AFTER-EFFECTS IN STROBOSCOPIC MOTION 
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The pre: R РШЕ 

present investigation is designed to determine whether figural after-effects of 
i i ing prolonged 

g f the paths of two simultaneously 

adjusted so that they appeared equal to 

tiation pattern for two minutes, 


Was so desi 
a eee that a prediction of a distortion in one 
of а distorti judgment, while a slight change in the arrangement would yield a prediction 
taken to su on in just the opposite direction in the second judgment. The results are 
recede арро the finding Kéhler апа Wallach that the contours of a test pattern 
Toboscopic ER contours of the satiation pattern, even when the test pattern is а 
I 


INTRODUCTION 


THE + 
епп“ 
to dist EAE after-effects" has been used by Kóhler and Wallach (1944) to refer 
ns of perceived form which occur subsequent to prolonged stimulation. 
ere as the satiation pattern) 


» for 
is Misa tar а point on а given pattern (referred to hi 
Presented Mee. for a period of about one to two minutes, a pattern (the test pattern) 
Manner: (a) ediately afterwards will be found to be distorted in the following 
contours of the test pattern will tend to recede from the position where 
s recession, up to a 


amount of thi 
distance from the position of the satiation 


Pattern, 
T T ДЕ 
ће е As relationship is termed “the distance paradox" by the authors. 
St of the present investigation is to determine whether such prolonged 
ar distortions into the subsequent 


imulati NE 

Perception | a satiation,” will introduce simil 

Tecession of stroboscopic motion. The experiment терог 
principle (a), and not “the distance paradox.” 


ted here tests only the 


II 


METHOD AND APPARATUS 


ived length for two simultaneously 


The 
Presented ethod was the comparison of perce 
paths of apparent movement, the comparisons being made before and after 
n one case one of the paths 


Satiati 
on. E ud 5 
The satiation pattern was 50 designed that 1 l 
n another case, just 


Shoulq ; 
be distorted as so to render it longer than the other, and i 
The arrangement used was the 


* Opposite, i 
following: 6 ie. shorter than the other path. 
resented simultaneously for a 
tation of Ts and T, (Fig. 1). 
d to be two spots, one 
nce Was repeated a 


C 
Short. 


Thus 
aboy, 


nditi 
itions were so arranged that T, and T, were р! 


ti 
ud followed quickly by the simultaneous presen 
Oscopic motion was obtained so that there appeare 
oThe seque 


et | 
* un other, moving rapidly from left to right. 
rking with a Catherwood Foundation Fellowship. 
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sufficient number of times to meet the requirements of this experiment. Tea 
was dimly illuminated so that the subject could see the fixation point Е. 


FIGURE 1 
*. e. 
^g 
Я ЫЯ 


fixating this point, the subject was instructed to report whether the distance So 
which the top spot moved was larger, smaller, or equal to the distance through v that 
the bottom spot moved, The distances were varied following each report ko medi 
they appeared phenomenally egual to the subject. After this had been moet id 
the lights were turned on and the following satiation pattern was presente ^ ib 
subject being instructed to fixate the point F for 2 minutes (Fig. 2). Following 


FIGURE 2 
х 
Е 


the subject once more compared the tw 
the objective relationships had not been 
It will be seen (Fig. 3) that if the Spot 


. оц h 
o distances of the moving spots, althoug 
altered by the experimenter. 
5 are arranged so that the distance 


FIGURE 3 


between 


e. © o ө 
Ta T, Tu "ть 
X 
F 
emo [е] © 
Ta, Т, Tal Te 


I. It was found easier t 
that he was going to see “ 
rather than if the objectiv. 


i А instructo, 
0 induce perception of motion if a subject was mere 
two spots moving from left to right across ae? jn 
© stroboscopic relationships were explained to 


v 


1 


f 


A 


4 
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of this actual arrangement, he 


preliminary experiments, when the subject was aware 
but such a difficulty was only 


Often reported that it was very difficult to see motion, 
rarely present with the above instructions. 

2. Fixation of the satiation pattern was monocular, the subject holding a black 
Card over one eye. The test judgment was made with the other eye. In preliminary 
experiments, it was found that the very vivid negative after-images which appeared 
after fixation often seriously distracted the subject while making the test judgment. 
The present procedure reduces the amount of interference, although it also probably 

iminishes the strength of the effect being sought. 
th 3. It was permissible, of course, only in the first of the two conditions to adjust 
$ stances between the spots so that the paths were phenomenally equal to the 
ubject; such an adjustment in the second condition would counteract the effect 
diis sought. Thus, in the second condition, the spots were arranged so that the 
Istances T/T, and T,T, were objectively equal. The objective distances which 
Satisfied phenomenal equality in the first condition were measured for each subject. 
slight ‚ While the subject was fixating the satiation pattern, the p x 
ht irrelevant noises in the general vicinity of the lanterns to make it appe? 
fasible to the subject that the apparatus was being altered. It was discovered in 
the preliminary investigations that if this was not done, the subject usually E 
ia Wo paths to remain phenomenally equal in the test case and, in some са еу : 
h ifferences appeared, would refuse to be so obviously “tricked” by the-experimen В 
i E subject's attention was further directed to the possibility of change by asking 
m, while he fixated, “поё to mind any noise” behind him. 1 
"a If the subject reported in the test judgment that one path was ie 
рна » he was requested to indicate the extent of distortion by selec si pp 
in ate item in a series of то drawings in which the distortion grew progressively gres 
e ер of 0-5 in., or a step of 2:9 per cent. change in the case of À, and 2 per cent. 
The dra i motor- 
e timing mechanism employed to obtain stroboscopic motion was a motor- 
FR rotating cam closing om dpediug contacts of two lanterns in the uera 
‘on. The speed of rotation could be varied by means of a rheostat. mre ea 


€ time j - 5 
ant e interval between successive presentations was VUE 


riv, 


а S i i angle, 
spots E 4° 46); in B this distance was close to 105 je и g 
1 alling 0:5 іп. outside the contour of the bars in bo? 2565, ack bars were 
53 pm ТТ, in all cases were 4-2 in. (visual s di 2° 52). 
"75 in. (visual angles, x 2° 14 X o? 30^). Ded 
students) one subjects pue used in the experiment, sete bsc tat 
Was foun, П of the subjects were unawar a 
e the und that many of these students, at least, 
experiment and it was rather difficult to ° 


Naiy, e 
А Phenomenonological attitude. 


xford 


III 


RESULTS Р isfied 
PET t one which satistle 
result is mean ection 


Th р 
the „€ Tesults are recorded in Table I. Вуа + hich was distorted in а diri 


Predicted change, while a — result was one W. 
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opposite to prediction. Zero indicates that no difference between the two distances 
was reported. 


TABLE I 
М)» 
A. a о PFS 
Combined Results (A and B) e X 22 3 17 0:000 
Average reported distortion se] 59% 4:896 
Condition A - ке v г 12 Ў 8 0-007. 
Average reported distortion «| "7195 5:796 
Condition B T T ata id 10 2 9 9:019 
Average reported distortion e] 4896 40% 
First reading (12 А, 9 B) .. = as 13 I 7 9097 
Average reported distortion e| 69% 5:796 
Second reading (9 A, 12 B) .. i» 9 2 10 0:032 
Average reported distortion e| 48% 4:096 


It will be noted (Table I) that the differences between positive and br 
results are large, and that the probability that such a discrepancy between plus E 
minus is a chance result is less than 5 per cent. in all cases. The average m nek 
distortion also is greater with the positive results than with the negative, alt ie e 
the difference is probably not Significant. A chi-squared test employed to tes d 
hypothesis of chance relationship between conditions A and B yields а chi-sq 


Die itd P ee 
of 11:58, which is well above the requirement for т per cent. significance with I deg 
of freedom. 


It should be remarked 


obtained, although à double positive result was obtained seven times. In fact, 


second 
sever 
pote 


Strictly speaking, it is not crucial that the results be significant for the 


reading as well as the first, since there are undoubtedly additional factors of a рег 
ative nature being introduced when the first judgment is made. It will be 
that the results for the first reading are more favourable than for the second. 3 

In the calculation of probabilities and in the chi-square test, the zero results 
ignored. The justifications for such a procedure are as follows: „лапа! 

т. Other figural after-effects experiments have noted considerable indiv cts 
differences, particularly as regards the size of the distortions. Also, since SU» 
were asked to describe changes in shading, position, and shape which occurre 
the fixation period, it was possible for the 


) | Ses where the subjects did not report the characteristic ch? 
during fixation (Kóhler and Wallach, op. 


2. The resistance whi 
phenomenological attitude 
results. One subject 


to make subjects suspect that the t 
satisfactory apparatus is now being co 


— 
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3. Somesubjects expressed difficulty in making th i 1 
the ) л g the required comparisons between 
WO mt pera It is reasonable to suppose that in such cases the results would 
OPER it is necessary to establish that the distortions which were reported, could 
lien fe been the result of the actual objective discrepancies which were introduced 
disc e subject reported phenomenal equality at the very first stage. Even if these 
a gees were relatively large and in the same direction as the reported distor- 
^e it could still be argued, of course, that the subject nevertheless did judge them 
lion equal initially and that the distortions are most correctly to be compared with 
ешн settings rather than with objective dimensions. In order to avoid debate, 
sve ni , Xt would be well to consider these discrepancies briefly. Also, it was 
di m able in making the new settings for the second readings to make small errors 
E adjustment, but in only three instances were these errors greater than o'I in. (a 
4 per cent. error in condition А and a 0:95 per cent. in condition B). These three 


errors are included in the present considerations. 

pole only those cases in which positive results were obtained, we find that 

Of n 22 cases, in 13 the two distances were objectively equal (to the nearest т in.). 
he remaining nine cases, two of the intial discrepancies were 1n the opposite 


direction to the reported distortion and hence need not be considered here. The 
en cases was 1°87 per cent., while 


a nay od Ds 
‚ average objective discrepancy for the remaining sev 
If a t-test for paired comparisons 


per cent. 


el "pplied, the resulting t of 3:96 is significant at 
сениц, Hence, a hypothesis to the effect tha! 
Ev nce errors in judgment due simply to the objectiv 
ae if it were tenable, it would affect only seven cases 0 
m P also eliminate one of the negative cases). Finally, since the assumptions which 
pus à hypothesis would rest upon are confronted with the observation that the 
it bjects nevertheless did judge these objective distances to be phenomenally equal, 
1" 15 not felt that it need be taken as presenting à serious challenge to the present 


in : 
terpretation of the results. 
IV 


DISCUSSION 
bservations of figural after-effects to the 


un present investigation extends the о a i puma 
Cont stroboscopic motion and supports the finding of Köhler an allach that the 

Ours of a test pattern recede from the contours of the satiation pattern. 
efi In considering the present experimental results, one might question whether the 
я €ct of satiation was, in fact, to alter the path of stroboscopic motion directly, or 
whether the lower spots T, and T, were simply altered in the predicted fashion, and 
а Subject was simply comparing the two distances between the two sets of dots. 
i n а question, of course, rests wholly upon à consideration of whether the subject 
9r did not, in fact, perceive two do imultaneous motion, or whether he merely 


t 
the average reported distortion was 5:04 
the 1 per cent. level, for 6 degrees 


hat the reported distortions were 
e discrepancies is not tenable. 
out of the 22, at most (and 


ts in sim! Du е 
which positive results were obtained, 


E 
"id four dots. That in many cases, at least, in Т 
Sake СР of motion was genuine is supported by the fact that many of these 
Eus i cts were very surprised when informed that there was actually no objective 
not pu taking place. In one case, this disbelief was 50 strong that the subject was 
End ully convinced until the experimenter lengthened the time interval considerably 
allowed the subject to examine the apparatus carefully. It is fair to assume, on 
е basis of such observations, that the figural after-effects were directly present in 
© phenomenal motion and that the experi simply a repetition of a case 


alread ae a 
ady fully investigated. 
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As has already been mentioned, this experiment does not test “the distance 
paradox," and in that sense is only preliminary. Indeed, it is suggested that any 
assumption that figural after-effects always present themselves in the same general 
manner in stroboscopic motion as in the case of other perceptual phenomena already 
investigated, should be carefully guarded against. Preliminary investigations with 
other satiation patterns throw some doubt on such an assumption, although it is too 
early to make a definite assertion. It is suggested, however, that the study of figural 
after-effects provides a valuable technique for investigating the dynamics of percep- 
tual fields under those conditions in which stroboscopic motion obtains. The tech- 
nique could easily be extended to study other cases of apparent motion such as the 
Duncker induced motion type. It would be profitable also, to determine whether 
continued apparent or real motion of a given type would cause predictable distortions 
in the subsequent perception of either stationary or moving patterns. In addition, 
there is some evidence which causes one to suspect that satiation would alter the 
thresholds for the perception of really and apparently moving patterns. But any 
attempt theoretically to connect, in the fairly circumscribed area we have selected 
for this investigation, the dynamics of Stroboscopic motion with general perceptual 
dynamics is obviously premature and awaits more extensive investigation. 


The author wishes to thank Professor G. Humphrey for the use of the phi" 
phenomenon equipment already set up in his experimental room, as well as for 2. 
interest and advice. In addition, the author is very grateful to Mr. R. C. oldfiel 
for his effective aid at many points during the course of the experiment. 


REFERENCES 
KónHLER, W. and Warracu, Н. (1944). 


il. Soe 
88, 4, 269-357. 


Figural after-effects, Proc. Amer. Ph 
(Received 2151 April, 1950.) 


A NEW PHENOMENON OF APPARENT MOVEMENT 
AND ITS AFTER-EFFECT 
BY 
J. A. DEUTSCH 
(From the Institute of Experimental Psychology, Oxford) 


а" is found that a stationary spiral pattern gives an appearance of movement in а 
5 апак light, and, furthermore, that this apparent rotation gives rise to the same kind 
Е Ta asa spiral actually rotating. The illusion is obtainable over a wide range 
HE О: Detailed results are given in the case of six subjects, but a large number 
A" ubjects experienced the illusion. The experimenter has as yet found no one who 
as not subject to the illusion itself. The after-effects are not universally experienced. 


I 
INTRODUCTION 


In 1850, exactly a century ago, Plateau discovered the after-effect of viewing à 
TOtating spiral. Не, however, was not the first to note the after-effects of seen move- 
ment, In 1834 Addams had published an account of the waterfall illusion. These 
P henomena attracted considerable attention and gave rise to much controversy, in 
Which Helmholtz and Wundt among others took part. Their discussions are sum- 
ран by Boring (1942) and accorded fuller treatment by Wohlgemuth (1911) 

ontroversial interest in this topic has recently revived. With Gibson's (1933, 19371 


and 1937ii) discoveries and Kóhler's investigations of figural after-effects, attention 
i cent note reports an 


E. again being directed to this field, Fernberger (1948) in a те l 
селка similar to that of Addams and believes it to be à figural after-effect in 
ER dimensions of the kind described by Köhler and Emery (1947). Also Smith 
948) makes the same identification and criticizes Köhler and Wallach’s (1944) 


Satiational theory on this basis. 

Phi In the experiment to be reported the dissimilarities between the two classes of 

is 5s omena are so marked as to make an identification highly implausible. For it 

5 pi that an after-effect of an impression of movement may occur when the figure 

eff € pattern remains stationary while the ground appears to spin. Kóhler's after- 
ects are on the other hand determined wholly by their figure. The present findings 

may, it is suggested, also have some bearing on the long-standing problem of the 


general conditions in which an impression of movement is obtained. 
II 


METHOD 
e experiment was 12-in. white cardboard 


, V). Apparatus: us used for th : 
Se with à black T un spiral on it, unwinding clockwise. This spiral is à 
Urve traced by a point moving uniform ne which at the same time revolves 
eg iformly round a fixed point in itself. The lines of the spiral were about one third 
ап inch thick and three-quarters of an inch apart from each other. For the inter- 
Mittent illumination the flash of a hig nic stroboscopic lamp was used. 
© rate of flashing was continuously a For the purposes of accurate 
“scription, standard conditions were adopted for six subjects. It is felt, however, 
at some impressions reported by other subjects who saw the phenomenon might 

© of interest, and they will accordingly be subjoined. 


h power electro 
dj ustable. 
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(2) Standard Conditions: These were as follows. А dark-room was used kw 
spiral 7 ft. away from the seated subject. The stroboscope was on the right si 
of the subject, approximately 6 ft. away from the spiral. 


à я е 
Condition т: Monocular fixation. Тһе subject was first asked to fixate the centr 


e. 
of the spiral monocularly, i.e. holding a piece of black cardboard before one ey 
The period of fixation lasted two minutes. 


Condition 2: Contra-lateral after-effect. The subject was thereafter ore 
shift the cardboard to the other eye while the stroboscope was switched off pom 
steady light of approximately equal phenomenal intensity was directed at the disk. 
The subject was asked to report anything he might see. 


iral 
Condition 3: Binocular fixation. Не was asked to fixate the centre of the spit 
binocularly for the same period (two minutes). 


Condition 4: Tridimensional after-effect. Не was asked to look at a three ad 
sional object, actually a portrait bust, in steady illumination. The portrait bus wit 
at the same distance as the Spiral, but to the right. Thus the subject had 5 еб 
his gaze. The rate of flicker which gave optimal movement varied in di S 
subjects from 400 to 800 exposures p.m. (i.e. 6-7 to 13:4 exposures p.s.). bm 
each subject was allowed to fixate the spiral until the optimal rate was pear 
Accordingly the rate of flicker during the fixation period will be reported separa т 
Movement can in general be seen from 250 exposures p.m. to 1,200 exposures P- 


; ting 
It has been thought best to give each record separately, on account of interes 
variations shown from individual to individual. 


In order to avoid the effects of sugge 
the course of the experiment, 


(3) Subjects: These consisted 
I to 3 in Table I) and three girls, 
These subjects saw the phenome 
tions in the conditions were mad 
reports from these are included 


" uring 
stion no leading questions were asked d 
Some of the reports are therefore incomplete. 


s 
of three students, one male and two female (a 
all fourteen years of age (numbers 4 to 6 in T varie 
non under the conditions described above. sting 
€ with a larger number of subjects. Any intere 
in the general remarks. 


III 


, RESULTS 


H H H ber of 

The main results are given in Table I. e pject 

exposures per minute for each subject. Thu: ; -—À 
reported white patches rotating with expansi i i 


was stronger (condition 3). On fixating 


ARTE 
T image," and then stated that the bust P 


sated (in and out). 


H " teri 

Thus, all six subjects obtained an impression of movement, five reported a 

effect when looking at the spiral itself monocularly after fixation with the = at the 
in the flickering illumination, and four found an after-effect when they looked ? 


due. 1 „effect 
tridimensional test object (a bust of McDougall). The movement in the аНег-е 
is slow. 


«ole an 
General Remarks —The Totation appears sometimes to include the whole € of 
sometimes only the white space. The results seem to show that the a th 
movement is enhanced either by binocularity ог by length of fixation 41018 
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factors are i 

а probably operating. Under th iti i 

га i g. Under the conditions described thel i 

ut eye and affects sharpness of focussing. As the pattern used a E me 
in its fine details a little blurring might be expected to enhance the asion 


A p ous in light intensity has the same effect. 
Гапу people found the 


Pes optimal movement were al 
а O of the subjects (and the expe 
(um s er that in certain individuals these га! 

severe mental and behavioural derangement as i 


D : 
ovey and Shipton (1946) and Grey Walter (1950). 


flicker tiring and even unpleasant. The frequencies 
1 in the range of the main rhythms of brain activity. 
rimenter) may be understood better when 
tes of flashing can give rise to various, 
s reported by Grey Walter, 


TABLE 1 
m Condition 2 Condition 
Subject Condition х. (Contra-lateral Condition TA dimension 
a Д (Monocular Fixation) after-effect) Binocular анон) S йет ее) js 
е).. = 
. бод ерл, White patches | Slight expansion Goo e.p.m. Rotation stron-| Afterimage. Then slow 
| ret ating. Expansion, ger. Rest as т. pulsation. 
| Reversals. 
2 (female) | 
-| 400 e.p.m. White patches | Expansion and approach. |400, ера Whole disk | Expansion, aj 
| р сі . „p-m, , approach. Then 
NE. Contraction. rotating. Reversals. regression. 
3 (female) 
No after-effect. доо e.p.m. Polygonal ap- | No after-effect. 


ERA ec] 
4 (girl, 14 years) 


| 
5 (girl, 14 years) 


-| 400 e.p.m. Black rotates, 


then white. 
| 


pearance. Complaint о! 
vertigo. 


Воо e.p.m. Rotation with- 
out reversals. 


Expansion. 


500 ерли. ASI. 


No after-eflect. 


400 e.p.m. Outside rota- 
| ting, inside still. 


Slight expansion 


| доо ерли. Whole disk 
rotating. 


Unsteadiness and move- 
ment. 


Bust rocking to and from 


sua 
6 (giri 
» I4 yea P T m n 
4 years) |500 e.p.m. Black still. | Expansion. Clockwise | 500 e.p.m. Centre going 
Rotation anti-clockwise. | movement. clockwise, outside anti- Cheeks going in and out 
clockwise. 


Some also reported that the round cu 
d also Weitz and Compton 
longed fixation. 
nalytic attitude. 
the only case in w 


or4 Рон (1948) an 
mus beg into a polygon during pro 
Op the rotation by taking up an а 


Som, : 
еа quality of unreality. 


moy, 
Mesi stopped for the subject w 
isk with his hand and started again when he r 


In one case, 


id 
aare destroy the illusion. An increase in 
ent speed of rotation. 


the; 


Men: 
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inscribed 


effect, 


Тһе after-effects are similar to those of 

Ec reversals in the present case. 

t auc. parison, І quote an accoun 
an actually rotating spiral. 

П а second series of experiments а 

terva] cee black spiral line thr’ 
S of fi "white and making seven 

Cause xating this disk when in revolu 

the Spare dizziness and even nausea. - - 

al line approaches the centre of 


IV 


Discussion 
an actually rotating spir: 


1882) of the experi- 


t from B 


ee-quarters 
circuit: 


rves of the spiral 
(1950) report 


hen the experiment 
eleased it. 
the rate of flicker 


owditch and Hall ( 
large pas 


tion are so String | 
. If the revolution 15 
the disk the entire surface of the 


of an in. i 


s before reaching the C 


er grippe 
Tilting the disk at 


teboard disk 22 in. in 
n diameter, 
ircumference. 


triking with some observé 
in the direction 1n 


became angular. Weitz 
a similar transfiguration 
Those who attempted it could 
The movement had for 
hich this was done, the 


d the edge of the 
an angle 
produced greater 


al, except that 


diameter was 
with an equal 
The 
Ъзегуегз as to 
which 
latter seems to 
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expand during revolution and to contract after it has ceased; and vice versa if the P 
ment of revolution is in the opposite direction. If in the former case the eyes 0 ke 
observers are turned from the rotating disk towards any familiar object . . . the la Ea 
Seems to contract or recede in a somewhat striking manner and to expand or approa 

after the opposite motion of the spiral" (1, p. 299) 


We must now consider explanations of this illusion. 


т. Ап eye-movements explanation is contradicted by two facts. First, the 
movement persists when the flicker rate is too high to permit eye movements during 
dark periods. Secondly, the illusion does not decrease with proximity as much as 
might be expected on this explanation. On the contrary, proximity makes very 
little difference. This is surprising on account of the improved visibility of micro- 
Structure, which furnishes a contradictory cue. 


2. It may be argued that the different refractory periods of retinal elements 
cause these to be stimulated in turn by a rapid flicker, thus setting up a rotating 
process. But it seems implausible that the retinal conditions should be such as 1 
every case to give an impression of smooth continuous movement. 


3. The writer would favour a more complicated analysis of the phenome 
This rests on two facts. First, when the eye is at rest a movement is perceived ben, 
there is a quick simultaneous on-and-off stimulation of adjacent groups of 18 " " 
cells. But when the eye is moving no movement is perceived, though thereisa E. 
simultaneous on-and-off stimulation of retinal elements. It is therefore inferrec lar 
there exists a central mechanism which co-ordinates information from the vesi a 
apparatus and the extrinsic eye-muscles and from the eye itself. When there 2 
quick on-and-off stimulation of retina] elements and a compensating atia 1 
the vestibular apparatus and the extrinsic eye muscle receptors, the two 5e u^ 
signals are made to cancel out by the central mechanism. Now real movement mo 
apparent movement have one important item in common. This is a quick d 
neous on-and-off stimulation of adjacent groups of retinal cells not compensate eye" 
another definite stimulation of the vestibular apparatus and the extrinsic dr 
muscles. Thus no cancellation takes place and we have a direct impression of jo ily 
ment. Under normal conditions it does not operate unless there is an image n 
traversing the retina, for obvious reasons. In the present case, however, a quick 5! 


: : T i: an 
taneous on-and-off stimulation is produced by the flicker; similarly in the phy 
related phenomena, | 


Second, what is felt to 


. othe! 
move, and how it is felt to move, is determined by e 
features of the situation, 


1 namely the spatial framework and the properties EA 

objects seen. Movement will be Seen on a body with successive parts sim!“ 

Shape and size, so that it will not be too difficult to substitute one for another 

the case of the spiral we would thus expect an experience of rotation, this me 

most "plausible" movement for such an object. ite solid 
n, further observations were made. A plain whita the 

© Was suspended perpendicularly, first of all with 02У rhe 


edge visible, under conditions similar to those in which the spiral was shown- the 
disk or roll was presente 


observer. The disk app 
for some observers. Secondly, the disk wa 
the edge and the body of the disk visible. 

position. If a piece of ticker tape is left ha: 
this latter position, the outermost sheath o 


s perpendicularly suspended or thi 
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Bonum body of the roll rotates. It is also possible to produce an illusion of rotation 
the g E pattern consisting of concentric circles. It seems that these findings support 
explanation of the apparent movement which has been outlined above. 

| I wish to express my thanks to Professor G. Humphrey for the facilities afforded 
ne and to Mr. O. L. Zangwill and Mr. R. C. Oldfield for their kindness and 


encouragement. 
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THE MULTIPLE CRITERION TECHNIQUE 
OF SUBJECTIVE APPRAISAL 
BY 


R. G. HOPKINSON 
(From the Building Research Station, D.S.I.R.) 


A technique is described by which the quantitative connection between physical 
aspects of a stimulus situation and subjective aspects of the perceptual response та, y b3 
conveniently and reliably determined. The subject is given control of one of the sign. 
cant physical variables such, for instance, as brightness, and is asked to set this varia? e 
to correspond in turn with a limited number of defined criteria relating to а subjective 
variable such as glare-discomfort. It is found that each criterion acts as а check upon 
judgments made in terms of the others, so that the scatter of the control settings 13 les 
than when а single criterion is used. The functional relationship between the physica 
and the subjective variable can be estimated, and provided care is taken in the desig? 
of the experiment and in the selection of observers, consistent results are obtained. | 1 

This technique has been applied during the past ten years to a wide range of visus 
problems which include those of the visibility of radar echoes, the visibility of вета 
lighting from the air, discomfort-glare and ease of reading. It is thought that it mig 
find wide application not only in applied psychological work but in the investigation 
problems of theoretical import. 


I 
INTRODUCTION 


Тне method to be described arose from a stud i in lighted streets 
initiated in 1937. At that time the sr Rh da wr qua [nnn of glare "n 
this connection were wholly unsatisfactory. It could be demonstrated by di 
experiment, and inferred from the Holladay-Stiles formula (Holladay 1926 Е: 
Stiles 1929) that disability effect of glare from current designs of streetlight 
installations was negligible. But it was clear that the discomfort effects c0" ck” 
be ignored. Holladay (1926) had limited his treatment of discomfort to the ‘ tions 
effect of a momentary glimpse of a source, and his characterization of glare-cond! Jare 
was meaningless in relation to street-lighting. Some attempts to appraise g und 
discomfort were being made by lighting installation designers, but these 16 10 ary 
to be insufficiently consistent for quantitative навс "The use of айт 
scales of discomfort did not in itself improve consistenc of judgment. ant 
Experience with a laboratory model experiment in udi the various 16 P ions 
physical variables were under independent control suggested that the vital cond to 
of obtaining consistent judgment were (1) that the = ei should not be ™ jy 12 
assess the degree of discomfort produced by a given stimulus-situation directly 
ipi of categories or numerical rating-scale; (2) that, on the contrary, he e of 
e asked to make settings of a physical variable to correspond to a limited num ver? 


related criteria of discomfort. It was found that this was a task which the 0 inf" 


could readily and willingly carry out, b Я Е and un ; 
" : «teri 
ness over the: inverse сат y contrast with their hesitancy crit 


: Moreover the use of a number of related ice 0 
was found to refine judgments in terms of each. Considerable care in the © we 
criteria was necessary, however, and it was found that the physical variable? ty 
not susceptible of equal ease of adjustment. But the method afforded ? а" 


22 


Si 
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ved in glare-discomfort, and this informa- 


of reliable information as to the factors invol 
ful re-design of a number of lighting 


tion was instrumental in permitting the success: 
installations. 


Later implications of these principles have borne out its usefulness. Such applica- 


tions have been made to studies of the visibility of radar echoes (Hopkinson, 1946), 
the visibility of war-time street-lighting from the air (Waldram and Stevens, 1946), 
discomfort-glare arising in the lighting of buildings (Petherbridge and Hopkinson, 
1950) and the relationship between visual acuity and ease of reading under school 


conditions (Hopkinson, 1949)- 
II 


METHOD 


The principles of the multiple-criterion technique, 
for its use, were established by trial and error during 


Eation. The present procedure is summarized below. 
experiment was always needed to 


Pilot Experiment: It was found that a pilot с 
find ош which of the variables could best be put under the control of the subject. 
For example, the relationship between glare-source intensity and surround brightness 
for constant degree of discomfort glare could theoretically be studied by causing the 
Subject to vary either the source intensity or the surround brightness. In practice, 
Observers felt much more confident when the source intensity Was held constant and 
their task was to adjust the surround brightness for given criteria of discomfort, 
than when they were given control of the source intensity. Their settings also 
showed somewhat smaller scatter in the former than in the latter case. 

The reasons why observers preferred to control one variable rather than another, 
and showed more confidence and less scatter in doing so, Were not clearly apparent. 
Ап investigation of these factors would be of great value. Г 

Control Experiment: It was also found desirable to have а control experiment 
extending over the whole period of theinvestigation. In this the subjects made their 
assessments at regular intervals (twice daily, for example) on a set of standard con- 
ditions. This control experiment had a number of functions. In the first place, it 
enabled the subject to gain confidence in his ability to make the assessments. Sec- 
ondly, it provided the experimenter with the opportunity of detecting “off-days 
When a subject’s settings would wander significantly away from their mean position. 
Thirdly, it permitted an analysis to be made of the scatter of any subject's observa- 
tions under standard conditions, so that confidence limits could be derived from his 
Observations under similar conditions. Figure 1 shows à typical plot of one Dp. 5 
readings under standard conditions in assessment of discomfort glare ete ge 
апа Hopkinson, 1950). Т he standard deviation of this set of observations is O'T on 


the log. foot-lambert scale, and the coefficient of variation is 0°45- 


In ре 3 wi {< observer keeps to his mean assessment fairly con- 
general, it will be seen, this obs AE деен example on ће 


Sisten: З E 
18th, M DR ee o. d peri considered inadvisable for him to 
та assessments in the experimental series, especially if his observations Were to 
E Rd with those of other observers ek: m mr 
electi, : of the glare exi 

conduct the eek cay ed ly io tion with the aid of those observers 
only whose settings were reasonably consistent. Since, in this experiment, E Buen 
Ness ratio of 4:1 resulted on the average in а change of one step in the criterion о 
hould be rejected if he made a setting 


discomfort, it was decided that ап observers 


and the precautions necessary 
the course of the glare investi- 
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DISTRIBUTION OF 
ss OBSERVATIONS a 
No. OF 
OBSERVATIONS $ 
и 
E 
$o 
7 
E 
38 
8 о 
23 oe 8 — & SSS 
TIME (Days) FROM COMMENCEMENT OF CONTROL EXPERIMENT 
FIGURE 1 23 
T 
TypicaL SET oF OBSERVATIONS OF A "CONTROL" EXPERIMENT. ASSESSMEN' 


COM- | 
SURROUND BRIGHTNESS WITH WHICH GIVEN GLARE Sources Give “Just UN 
FORTABLE” GLARE 


outside the limits twice the mean, and half the mean, more than once in twenty time 


т 7 
(This corresponds to a coefficient of variation of 0:42). Hence only once in е 
times would the setting for one criterion fall into the range of settings for the We 
criterion. This procedure was followed in the subsequent studies, a few consis as 
observers being preferred to a larger number with lower consistency. AS "m 
possible, staff who were associated with the results of the investigation ee M 
themselves employed as observers, Fig. 1 is a typical plot for a consistent e ons) 
performing the control experiment. Fig. 2 shows a plot, under the same condi 


(5 
No. OF di t DISTRIBUTION OF 
OBSERVATIONS s OBSERVATIONS 
LE o. 


LOG. BRIGHTNESS —= 


SURROUND BRIGHTNESS 
(LOG FOOT-LAMBERTS) 


o 


(Compare with Figure т) 


BY INEXPERIENCED OBSERVER 
Fig. 4 
8. 3 shows a set of results by a consistent observer» 


of a less consistent one. Fi 


by an inexperienced and less consistent one, 


they 
It was found that observers varied considerably in the amount of confidence се 
felt and showed in their set 


tings, and that in general those with the less co? aintY 
showed the greater scatter. 


тан ег 
In some cases the individuals who showed unc 


K 
FIGURE 2 
ASSESSMENT MADE 
(я 
to become a “useful” observer. | 
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_ Choice of Criteria: As the technique was extended to a wider range of problems 
it was found that the value of an experiment could be increased by careful attention 
to the choice of criteria. In particular, the form of words used in the description of 
each criterion had to be one which was concretely and directly applicable to the 
For example, the set of criteria “just visible," ‘‘moder- 
" “easily visible," would be less satisfactory than 
” “pattern just identifiable,” “pattern definitely 
ld work with the first set, allocating to 


observer’s own experience. 
ately visible,” "reasonably visible, 
"just visible," “just recognizable, 
identifiable," Ап experienced observer cou 


01 


BRIGHTNESS OF CARRIAGEWAY (FT LAMBERTS) 


оо 


(CANDLES) 


FIGURE 3 


engan SET or OBSERVATIONS SHOWING ASSESSMENT 
TION TO ÍNTENSITY 


SURROUNDING BRIGHTNESS IN RELA losen 
TERNS, FOR FOUR DEFINED CRITERIA OF GLARE (SHOW? 
nt of the degree of identification of the 


Sach de “visibility” assessme f t 
Pai” Tek a Ue An eR mould not be able to make such an interpretation 
în а consistent way, and would be uncertain as to the exact meaning of visible. А 
Аһ appropriate form of words did, in fact, generally emerge from the pilot experi- 
Ment If the criteria were not well defined, observers would express doubts as 7 
What was required of them. More formal investigation of the effect of criteria use 
on consistency of judgment would be of considerable interest and value. 


or CARRIAGEWAY AND 
or STREET-LIGHTING LAN- 
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BRIGHTNESS OF CARRIAGEWAY (ЕТ. LAMBERTS) 
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0:01 
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FIGURE 4 
ASSESSMENTS By INEXPERIENCED OBSERVER 
(Compare with Figure 3) 


III | 
I. The observer en 


0:1 foot lamberts, 
features. 


vel is abot 


ich the general brightness le distracting 


The type of experiment 1 В ind; sum- 
marizing briefly the sequens, ne cedure employed is perhaps best indicated by ility- 
ct and free from glare and 


seated. The trace has a certain definite characteristic with which he is acqua 
from previous observations under similar conditions } 


ME Ё yet 
3. А preliminary period of about five minutes is allowed during which the obser 


. Sits quietly and adapts to his surroundin sd he recor’ | 
; 85. At the end of this time, the leve 
Sets the background brightness on the f. the first id 
to be studied. € lace of the cathode-ray tube to 
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4. The recorder then asks the observer to take control of the signal bri 
us is told that, as he raises the signal brightness, he will first нА ae т. 
ie existence and position of an area of higher brightness than the background, but 
will be unable to recognize its pattern. i 
At this point he is to call out “just visible.” He is then to raise the brightness 
of the signal slowly until he reaches the point at which he judges that he can just 
recognize the characteristic pattern of two closely juxtaposed double traces. At this 
point he is to call “just recognizable." On further raising the brightness he is to 
call out “measurable” when he is quite sure that he can assess the relative lengths of 
the two double traces. Finally he is to raise the brightness to the lowest level at 


"Which in his opinion the signal is easily visible for continued working, and call “easily 


visible.” Any further explanation of the criteria is given if required. When he 
fully understands the instructions, the observations commence. 

5. The observer is free to take as long as he wishes. No assistance is given him 
unless he experiences difficulty or lack of confidence. The recorder logs the observa- 
tions at each stage without comment. The observer has no indication of the values 
of his settings, and the controls are so arranged (e.g. by series resistance in a lamp 
brightness circuit) that the position of the control knob, or the angle through which it 


15 turned, give no clue to the values reached. 
6. The series of four criteria being completed at the first level of surround bright- 
ness, the observer has a short rest of about a minute while the next setting of surround 


brightness is set up by the recorder. 
7. The process is repeated at the other surround brightness values. 


_A session will last from about ten minutes with an easy assessment, to about 
thirty minutes with a difficult one. The incidence of consciously felt fatigue is 


avoided. 
IV 
DISCUSSION 
ue as that described must, in the first instance, be 


based on the conclusions to which its use may lead. 
e of its usefulness. Two independent teams of 
ssociated with the visibility of 


with a wide range of war-time 


. The validity of such a techniq 
Judged by the success of operations 
On this score there is some evidenc 
experimenters, working in one case on problems a 


radar displays (Hopkinson,1946), and in the other à i 
visibility problems (Waldram and Stevens, 1946), found that reliable conclusions 


Were reached from experiments which used the technique. А It was from such work 
that decisions regarding agreed levels of war-time street-lighting were influenced. New 
designs of street lantern were evolved, too, on the basis of appraisals made by the 
technique, and these were found in practice to be more satisfactory than the old. 
Another kind of check introduces a point of some theoretical interest. In certain 
Cases it was possible to have small groups of observers, who had participated in the 
labor atory studies, make appraisals in actual streets, while at the same time measure- 


ments of the prevalent conditions could be made comparable with the laboratory 
asked to express the amount of discomfort 


Set-up. In this case observers Were 
experienced in terms of the criteria used in thelaboratory experiment. It was found 
that observers who had been made familiar with the assessment of discomfort in 
terms of four fixed criteria were no longer reluctant to make direct assessment in 
terms of these criteria. The agreement between direct appraisal in actual streets, 
and indirect in a laboratory set-up similar as regards the physical variables involved 


Was found to be good (Hopkinson, 1940, Table X). 
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Thirdly, it has been possible in some cases to check the appraisals against wc. 
criteria of functional effüciency. In the work on the influence of brightness an à ES 
of radar echoes on ease of recognition, for instance, direct measurement was Er 
made of percentage of accurate localizations. It was found that the varia 


5 re- 
The variation of their assessments might es, 
fore be expected to be greater than that of the Picked observers of the radar exP 


the observations that were obtained. 


to 
able" and "reasonably readable” correspond wi 
mean speeds of 0-4 and 0-7 of the maximum speed respectively. The coefficien 


TABLE 1 


Ease of Reading 
Се 858 я 
Criterion В riterion C ” 
"Barely Readable" " аи Readable 
Speed of Reading | улдар i Рапаин, 
Mean of 20 Values about M. vn Mira UE about Mean 
— MÀ 
Condition 1 035 [menor : 17:9% 
2 0:36 i on 21:9% 
3 934 22-19% 0:71 18:4% 
4 0°31 36:19 663 22:370 
5 0-40 28-8% 6:73 174% 
6 0'43 25:09; ate 18:0% 
7 от 3419 н 1960 
2 0-40 37:2% ecd 20:8% 
9 043 38:09 ace 14:7 
10 039 28:29, eee 12570 
тт 0-41 28:39 pests 142% 
12 041 23:192 hid 15:696 
Mean for all 
12 conditions 0:39 = EE 
Variability of the means for each 9329 
condition about the mean for . 
all conditions ,, ^. 109, 6:876 
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observer about the mean for any one condition is about 0-25. These figures suggest 
that even observers inexperienced in the multiple criterion technique can, by а 
Suitably designed experiment, give assessments of reasonable accuracy, Наа link 
with comparable performance figures. 

Я It must be pointed out, however, that the particular coefficient of variation found 
in each task is dependent upon a number of factors. Among these we may dis- 


tinguish the inherent difficulty of the judgment required, from the suitability of any 


У in terms of variable chosen for control, formulation of 
Criteria, etc.) to facilitate the making of the judgment. Thus, if we find a coefficient 
of variation of 0-05 on a search task, and one of 0:20 on a reading test, this difference 
may in part be due to an inescapable difference of inherent difficulty in the two tasks, 
and only in part to a corrigible difference in experimental design. Further work is 
needed to establish the relative magnitude of these factors so far as may be possible. 
It might then become possible to predict, to some extent, the consistency to be 
expected of any particular experiment. А high coefficient of variation should not 
of itself cause the rejection of an experiment, because it may still yield information 
of value, which cannot be obtained in any other way. 

The scatter of the separate means for each observer about the mean of all these 
means is not easy of interpretation. Part of the variance may be attributable to 
random experimental errors common to all observers, while another part may be 
due to real differences in the psychological characteristics of different observers. 
Conditions which may be acceptable to one observer may not be tolerable to another 
more sensitive observer. It is not possible to determine whether or not the 
subjects have all interpreted the criteria in the same way. Direct experiment can 
penetrate only to a limited extent into the nature and magnitude of the sensory 


reactions of an observer. 


given experimental design ( 
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THE INFLUENCE OF AN INTERPOLATED 
EXPERIENCE UPON RECOGNITION 
BY 
D. RUSSELL DAVIS and DURGANAND SINHA 
(From the Psychological Laboratory, University of Cambridge) 


It was demonstrated in a previous ex: 
an original experience and its rec. 
in the recall of the original experience, 
may be recalled as if they had formed 


inal experience was the hearing of a story, an 
of a picture which illustrated part of the E 
€ asked to select from three alternatives(including 


I 


INTRODUCTION 


First Session: 


Lo Erw Second Session: Third Бааша 7. 
na Interpolated Description, Reca 
Group Experience Experience г Асемин Test 
I Experience : Experience B Experience А 
2 7j iss 
3 » A Experience В D B 
4 = W^ В В 


n 


of the results obtained in the third Session fro erned PY 
г m Groups 3 and 4) were gov d 

the attitudes induced by the Story. These attitudes id attention to, 97 

prescribed the interpretation of j impo 


picture tended to be left out. Many picture details intruded into the reproductor о 
of the story ; that is, many details which were 


original experience, were recalled as if they 
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These findings were taken as confirmation of Bartlett's notion that memories are 
retained as schemata or active organizations of related experiences, which are subject 
to modification or reconstruction as a result of new experiences of a relevant kind 
(Bartlett, 1932). Bartlett implied that the changes which memories undergo are 
irreversible, and that memories lose their separate identity and become incapable of 
recall in their original form. On the other hand, so far as they are pertinent, the 
findings argue against Freud's contention that in some way ог other memories 
survive unchanged in the mind, as а rule rather than as an exception; thus Freud 
wrote in 1930, “... we have been inclined to the opposite view that nothing once 
formed in the mind could ever perish, that everything survives in some way or other, 


and is capable under certain conditions of being brought to light again, as, for instance, 
“The fact is that a survival of all 


when regression extends back far enough." ... 
the early stages alongside the final form is only possible in the mind." (Vide Freud, 
1930, pp. 15-20.) 

hologists have in general asserted that in 


In contrast to Freud, experimental psyc 
Whatever form they are retained, memories become modified with lapse of time, as a. 
result either of the intrinsic stresses arising from their configurational characteristics 
or of the extrinsic stresses resulting from antecedent or subsequent experiences. 
Indeed, many experimental studies have been carried out with the purpose of defining 
the changes to which memory traces ог engrans are subject. Two types of data can 
readily be obtained: those from recall or reproduction tests, and those from recog- 
nition tests, these data being assumed to reveal changes in the engrams themselves. 
This assumption is valid only within limits, however, for it is often belied by the 
ancillary evidence to some extent; for instance, recognition tests sometimes yield 
results different from those yielded by recall tests; again, introspections often suggest 
that the material recalled does not fully represent the engram. Moreover, those who 
wish to insist upon the validity of Freud's theory of memory may treat the changes 
Observed in recall or recognition tests, not as evidence of changes in the engrams, 
but merely as changes in the operation of the mechanism of repression. 

Nevertheless, there are good reasons for the careful study of the results of recall 
and recognition tests, although they may have to be interpreted with caution. 
Accordingly we have examined the results of recognition tests in experiments of the 
above design, to discover whether they show the same degree of confusion between 
original and interpolated experiences as Was shown by the recall rests described in 
Our previous paper. 


II 


METHOD AND PROCEDURE 

Of the several methods available, that of successive or repeated reproduction has 
been the most widely used in research on these problems. It is especially applicable 
when the autonomous changes due to intrinsic stresses are studied (e.g. Zangwill, 
1937). Yet it has certain disadvantages in the study of extrinsic stresses, for in it 
related experiences from which these 


there is no control or manipulation of the other X 1 ў à 
Stresses are held to arise. Bartlett applied it in many of his most interesting experi- 


ments and was able to demonstrate in a convincing manner that recall was modified 
by rationalization and conventionalization, which represented the effects of ante- 
cedent experiences, but he was not able to show in any precise way how these effects 


came about. gwill (x , too, used it in an experiment similar in some respects 
iens cem) Some of the disadvantages of this method have been 


to the one to be reported below. : : 
avoided by the method of interpolated experience, which we have used. 
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In the experiment to be reported, the material forming the original and AB 
interpolated experience was essentially the same as in the previous experiment. a 
original experience was the hearing of a shortened version of the story (abou de 
words in this experiment) which was written for the purpose, and the interpo M 
experience was formed by Pieter Breughel's picture, “The Village Wedding. sis 
story gave a new significance to the scene of festivity portrayed in this pur. 
first part describing a feud between two peasant families which culminated in e 
reconciliation by the betrothal of the son of one family to the daughter of the other, 
and its main part a wedding feast disturbed by several untoward incidents. Е 

This story was read out to forty university students, divided between Groups 
and 2. The findings in Groups 3 and 4 are not pertinent to the present епазу 
Twelve days later half of them (Group 1) were shown individually a set of seven pos 
cards, from which they were asked to pick out the one relevant to the a a 
the postcards were coloured reproductions of pictures. Everyone selected a 
Village Wedding,” for reasons which are discussed in the previous paper, ant ung 
then given a short time to examine it. The postcards were not shown to the subjé¢ 
of Group 2. h 

After an interval of from five to six weeks, all the subjects of Groups 1 and 2 үе 
given (i) a recognition test of the story, and (ii) а questionnaire test. Comparison A 
the results in the two groups reveals the effects in Group 1 of the interpolated exper 
ence. sed 

(i) In the recognition test, three versions of the story were read to each 500] 
who was then asked to rank them in order of their similarity to the original ae x 
The order in which the versions were read was controlled. Subjects were also a5 
to rate the certainty of their ranking, and to mention the factors which determine 


it. Finally, typed copies of the versions were given to them to read, and notes Wer 
made of their further comments. 


Version A was the original Story, unaltered. 


Version B was similar to the original story in style, form and length. Its first 
part was unaltered, but the main 


part describing the wedding feast included seve 
details present in the picture, but not in the original story; some details from E. 
original story were omitted and this version provided a better account of the pictu 
than did the original story. 


Version C differed considerabl 
length and in theme. 


e B st 
(ii) Both questions and answers in the questionnaire test were written. The o 
comprised 35 questions, each asking whether a detail had been mentioned in 


original story. An answer, "Yes," “Мо” or “I don't know," was invited to each. 
Three types of detail were asked about: 


A details, present in the original story ; 

B details, not present in the original story, but present in the picture; 
C details, present neither in the original story, nor in the picture. ils 
The questionnaire test was applied after the recognition test. Some B det? 


" $ " : in 
were contained in Version B, others were not. Some C details were contained 
Version C. 


4 и in 
y from the original in detail, although similar * 


ш 


RESULTS 
(i) Recognition test. 


E . 2, 
Version C was rejected by all subjects. Eighteen of the subjects of Gr 
ranked Version А as most like the original; тт of these stated it to be the orig 


Р 


у 
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up were doubtful whether to prefer Version А or B; after 


Two subjects of this gro 
himself, one remained doubtful, and the other identified 


reading the versions for 


Version A as the original. 
Five subjects of Group т ranked Version B as the most like the original; 14 


preferred Version A, and of these, IO identified it correctly as the original; one 
subject was very doubtful, regarding Version B as more like the original than Version 
А, except for one ог two details; after reading the versions for himself, however, he 
preferred Version A. 

Those subjects of Group 1 who ranked Version B as the most like, did so with 


less confidence than that with which the majority of the rankings were made. On 
the other hand, some of the subjects of Group 1 who preferred Version А were dis- 
j zed that details 


satisfied with this ranking; for instance, t! 
present in the original had been left out of Version A: “Some sort of reference to 


servants carrying food is absent in A." "In A villagers sitting on frail wooden 
benches have been left out." “There was something about music, though no music- 
ians were explicitly mentioned. That is also left out in А.” All the details men- 
tioned in these remarks are properly picture details which were not present in the 
original story. It was noted in this connection that subjects of both groups tended 


to regard Version A as less detailed and more condensed than had been the original, 
but it was only t tioned details which (they 


hese three subjects of Group I who men 


thought) had been left out. 
That five subjects of Group т should have preferred Version B to A shows that 
recognition of an original experience may be affected by an interpolated experience. 


It is the more striking, since the details which were introduced into Version B from 


the picture were necessarily expressed in unfamiliar phrases. 


often preferred by subjects of Group I because the phrasing was , eg. Sub] 
he same—lots of sentences were familiar. The 


said of Version A: “Literary style t li ] 
tone of A struck me as identical with that of the original and every detail of descrip- 
tion and action seemed familiar.” “Тһе gay chatter of the bride . - · their faces 
showed only a childish yearning for food as saliva dribbled from their mouths’—in 
fact, I was waiting for these phrases." Similarly, the unfamiliarity of phrasing 11 
Version B was a main reason for its rejection by at least four members of Group 1. 
Again, several others of this group rejected Version B because it omitted details 
remembered in the original. и 

Selection or rejection of a version thus depended in many case: 
ог absence of а small number of details. For this reason the recogn 
less satisfactory than might have been supposed. 


s upon the presence 
ition test was 


(i) Questionnaire test. í 1 
The two groups did not differ in their answers to the questions concerning А 
details, about 70 per cent. of the questions receiving affirmative (eon P 
about 20 : ative wrong) answers and about IO per cent. on't know 

Percent diis ( for С details. For B details, the following 


answers. Similar results Were obtained 


results were obtained: 
$ Affirmative Negative I don't know 
Group 1 о 90 To 30 
Group 2 - .. 47 136 37 
o subjects in each group, and 11 questions 


(There were 2 ) 
concerned В details.) 


In the case of B details, affirmative ans That Group I 


wers were incorrect. 
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should have given a significantly larger number (P being less than о-от) of such answers 
than Group 2 indicates that details of an interpolated experience intrude into the 
memory of an original experience. 


IV 
Discussion 


Zangwill (1939) has reported a similar experiment, without the deliberate use of 
an interpolated experience. His subjects reproduced a prose passage three months 
after it had. been read—a much longer time interval than in our experiment. This 
reproduction was used to construct а version including the salient inaccuracies in 
recall. Four or possibly five of his seven subjects expressed some difficulties in 
deciding in a recognition test, whether this version or the original story was the 
original and suggested that the original story should contain some of the inaccuracies 
present in the reconstructed version. Our results were similar, as was the experimental 
method, except in so far as we brought about the modification of the memories of the 
original experience experimentally, and Zangwill allowed the modification to come 
about with the passage of time. 

The results of the present and the previous experiment allow the interpretation that 
an interpolated experience brings about changes in the recall or recognition of an 
original experience, accurate recall or recognition becoming impossible. It is not to 
be supposed, however, that there is complete compounding of the two experiences 


intrusion of details from an interpol; 
least some of the intrusions which 

Taken together, the results of th 
this experiment indicated that, under the conditions ob 


available to show that the merging is reversible. Probably it is not, any appare" 
periences, but to a recons 
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MISCELLANEA 


NOTE ON THE CORRELATION OF ERRORS AND 
PERFORMANCE IN A TEST 


BY 
J. W. WHITFIELD 
(From the Medical Research Council Applied Psychology Research Unit, Cambridge) 
In the common choice-res; 
ability fails him for a specific question he has the choice о! 


hazarding a guess. А similar choice is open in a number o 
lems. By chance he will 


may or may not be related to intellige: 
if found, might be susceptible to chan 
А pure measure of "guessing" 
the number of wrong answers gi 
of guessing. There is no way of decid: 
the guessing evidence consists of 


individual who correctly answers nearly all 


; А Е wW 
little guessing, as it has been defined, whereas one with few correct answers can sho 
many guessed answers, 


Let us consider a test of “n” questions and a population N attempting the test. Let 


the mean number of questions answered correctly be C, and the corresponding incorrec 
(ie. errors and unanswered) be I (C + T = 


Md for the whole Tange of possible incorrect Scores we have the following probability 
"Xe | | p ———————— 
Incorreci Mean Number Variance o, Product Term 
Answers of Errors Error 4 (Incorrect x Errors 
Й P e Distribution = 16 
о Ру о б о 
: D É p 1-2) р 
3 p Е 2p (1-6) ар 
3 з 3p ЗЬ (1-5) op 
n Pn np nb G -5) np 


BPic=pot + pl? ‘ie. p IPG 
2Р(е = 2* (P, + 4Р ор. +... n!Pa) 
8 Р. epp ЗРз +... иРи} 
= pr {P+ 2P, + 3P, +... nPn} 
= $? {o + 12} + pl — рт 
<- Маге = po? + pI (1-р). 
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This expected variance itself provides data upon which to consider test behaviour. 
If individual differences in proneness to guess exist, and are uncorrelated with test score, 
the observed variance of the error distribution will exceed that calculated by the above 
formula. If, in addition, there is а correlation in the direction of the poorer the test 
score, the greater the likelihood of guessing, then the observed variance is considerably 
increased. If, however, the correlation is in the reverse direction, i.e. the better the test 
Score the greater the number of guesses, then the variance will tend to be reduced, 
particularly if the high scores on the test are fairly near to the maximum possible 
performance. 

The expected regression of e upon i has slope р, and the observed and expected 
regressions can be drawn to aid inspection. Alternatively the observed and expected 


product moment correlation between i and e can be calculated. 
ZP.i.e. is po? + pP. 
The expected value of r is therefore— 
po? + pl? — IpI 
c VP? o + pl (1-р) 
po 


vp о + pI (1-Р) 


O or 1, and, for give 

The relation between the obs И 
hypothesis, taken in conjunction with the observations on V г 
tion on the behaviour of individuals in the intelligence test situation. 


(Manuscript received. April, 1950.) 
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A SIMPLE CLASS-ROOM CHRONOSCOPE 


BY 


А. CARPENTER 
(From the Medical Research Council Applied Psychology Research Unit, Cambridge) 


Tuts note describes an electric chronoscope which is simple and cheap to make, and 
which while not pretending to a high order of accuracy, is adequate for the majority 
of classrooms, and many research purposes. 

The chronoscope described here was made in response to a request for an apparatus = 
simple enough to operate and consistent enough in its readings for routine use by à class ] 
of students; yet sufficiently simple in design and construction, for a number of them — 
to be made quickly. It was desired to measure the time for which an electrical circuit 
was closed, over a range of approximately o-1 to 5 seconds, and it was decided that an 
accuracy of the order of 2 per cent. of the full-scale reading would be adequate. The 
choice was between a mechanical System operated by a constant speed motor, relying 
upon the accuracy of the frequency of the electric mains supply, and using some form 
of magnetic clutch to engage the scale pointers with the drive, as in the Hipp, and ал 


FIGURE 1 
Ствситт DIAGRAM ОЕ CHRONOSCOPE 


Б 
opments in valve-operated electrical cito io 
le and simple. Using standard small 7^ c, 
S instrument within two days, and for 4 
able meter. r rged 
It will be seen that the condenser, C, is аге 


n n the usual wa: d stabilised with a gas disc! 
valve V,. Four ranges are provided, corresponding u pem m of 0-5, 1, 2 8 a 


/ 


= A SIMPLE CLASS-ROOM CHRONOSCOPE . І41 
опа$, а Е 
which ipae erede] by the four-position switch S,, which selects the resistor through 
components R r is charged. These resistors each consist of standard 1 watt pum 
setting of те n Баа. with pre-set carbon potentiometers, VR,., The accurate 
Dutto- those p -set controls determines the absolute accuracy of the readings obtained, 
tt dhes E dues for which comparative readings are adequate, it is unnecessary 
control grid of th ols iae i The condenser, C, is placed between the anode and 
Сеа sate. Y T E ve V,, thus making use of the Miller effect to obtain linearity of 
changes by E р x the valve and component n the grid voltage actually 
Eee cunt te ut 2 volts, so that at full-scale rea е is just more than 
The an ess than the initial rate. 
ofthe НО of the grid circuit of V, is of the h 
Verse ae E reading when the operating circuit is open. 
i iba PM on an insulating panel of Paxolin, and also, to € 
relay, operated to external apparatus whose insulation may be imperfe 
either from the valve low tension supply, ог from an external source of 
must be chosen to have as 


some 6 v A 
volts, is included. The 4 microfarad condenser, C, 
t made the drift was unreadable over а period 


values give 
ding the rate of charg 


ighest importance in avoiding drift 
Тог this reason the input 
nable the instrument 
ct, a higb-speed 


an advantage, 


and i 
т m connection is desirable to minimise leakage. 
complete qu which reads the anode current of Vy determines the accuracy of the 
with a 2} i tument, In the first model made this was a panel mounting instrument 
} in. scale, the whole being made as one unit, but in later copies larger meters 
There is no reason why the meter should not 
f the instrument. Zero is adjusted by VR;, the 
Switch S, i k ] means is about 0*5 mA. р 
zero by aliod. a push-button switch which on closure restores the meter reading to 
Possible ving C to charge almost to the full H.T. potential, through Rs. 1 
produce ape ae of inaccuracy in this instrument are: (а) faulty setting of УБ; will 
error; (с) i s ute error of calibration; (b) faulty zero setting офисе a constant 
; (c) if used on low ranges the operating time of the re duce a constant 
As mentioned before, this 1s 


error; : I 
about a non-linearity due to exponential charging of C. 
per cent. in this instrument; (6) leakage causes slow drift of the meter reading. 
before taking €: nd read without 
ttempts to assess 


The m 

undue В Soul be returned to zero just : 

unreliabili t time. In this instrument, drift was negligible. Finally, atte 

repeatable 1 due to random causes have shown that readings can ре relied upon to be 

of the f to within the error involved in reading the meter scale—less than 1 per cent. 
© full scale reading. 

in th 5 circuit involves no new prin e found 
€ references given. 


ciples or methods. Fuller information will bi 
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23-4. . 
Radiation 
-82. 


COMPONENT VALUES 
У: — SPor в = 222 K. 
У. — VRI50 B == 250 
У». = 6X5 Re == 0909 к. 
А — 0-5 mA, 25 w. Са = M. 
M — 4 microfarad high insulation B. oe ; 
VR. — 0-25 A. metal rectifier Ri e 220 W. 
ı — 50K. ie 270 w- 
VR, — тоо К. m TT 15 К. 
VR, — 500K. Е 2:5 К. 
VR, — iM. VE NOE 
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BOOK REVIEW 


The Organization of Behaviour: a Neuropsychological Theory. By D. ©: Невв. pui 
York: J. Wiley & Sons; London: Chapman & Hall, Ltd. Pp. xix + 335. 325.net., 


In this lively and intelligent book, Dr. Hebb has tried to develop some broad principles : 
of nervous organization which might have explanatory value in psychology. His d i 
throughout is to find conceptions ''. . . which will be valid physiologically and at the за E 
time ‘molar’ enough to be useful in the analysis of behaviour" (p. 11). If the tas the 
difficult, Hebb has none the less made an original and exciting beginning. In ci 
stagnant atmosphere of contemporary psychological discussion this little book com 
like a breath of fresh air. й am 

The earlier chapters are concerned in part to demolish current formulations esi ў 
part to suggest more acceptable alternatives from the standpoint of neurophysiology. 
First, the notion that behaviour is (or can ever be) completely controlled by perip ry 1 
sensory processes is decisively rejected—and with it all varieties of learning theo? d 
narrowly based on the reflex-arc concept, Second, the concepts of equipotentiality 47 
“field dynamics” are examined and found 
theories of visual organization have not avoided the difficulties presented by the anatom 
of the visual cortex (p. 56). In consequence, he finds himself impelled to seek d 
conceptions of the central mechanisms governing behaviour more firmly based on are 
anatomy and physiology of the nervous system. Although, the critical discussion. р 
always informed and often acute, it is the constructive aspects of Hebb’s work wh! 
merit the closest attention. These may accordingly be examined. 


Hebb's positive contribution to psychological theory is given by two new conception: 
that of the cell-assembly and that of ; 


n jalit: 
endowed with a measure of equipotentiali и 


(р. 74). In the course of individual experi ae 


xperience, cell-assemblies are held to ui 
organized into larger functional units according to a principle of phase-sequence: irly 
notion is never very adequately defined in general terms but its meaning becomes A 
clear in the course of the discussion of perception (pp. 79-106). In the visual percep? 


eye-movement, its central basis must st 
of a sensori-motor "schema." 


Way but no detailed illustrations are given. e 
= ; se i ical gro 
for dealing with all temporally o: i over pei) Dove s, eA 
the train of thought f the 
This bald statement of Hebb's theories in no iusti btlety © 
E Sense does justice to the su 

argument or to the wealth of pertinent data drawn from аш сае and clinica 
At the same time, the author is careful i thi í 


iple ceptions. An unkind critic might even Say foet 
the whole argument is little more than the Jamesian theory of habit furbished up E 


-day neurophysiology. But this would be 02 gw 


chology’ 
many departments of experimental psycho 
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The later chapters of this book are devoted for the most part to a discussion of learning, 
motivation and intelligence. In his treatment of motivation, especially, Hebb makes 
a most praiseworthy attempt to break away from the fixed ideas of contemporary American 
learning theory. It is not unfair to state that the latter envisages all modification as 
a quasi-conditioning process governed by those mythical phantasms—the drives. For 
Hebb, on the other hand, motivation is defined in terms of the organization, direction 
and persistence of phase-sequences (p. 181). That is to say, drive is an inherent property 
of the neural system upon which execution of a habit or skill depends. Although this 
notion needs working out in much greater detail, it is a notable advance in theoretical 
approach. There is also a sensible, if less original, treatment of learning in its comparative 
aspects and a good discussion of instinct. Hebb takes the view that instinct should 
not be regarded as fundamentally distinct from what is usually called intelligence. On 
the contrary, “. . . it is intelligence, or insight, that is innately limited in variety" (p. 169). 

The book concludes with an entertaining discussion of emotion and a brief excursus 
into psychopathology (which includes two clinical histories of spontaneous neurosis in 


chimpanzees). There are also some shrewd and timely comments on intellectual deteriora- 


tion and its problematical relations to the site and extent of cerebral lesion. Throughout, 
the emphasis is physiological but the author is refreshingly free from the limitations of 
doctrinaire behaviourism. He is interested in ordinary experience and ordinary conduct 
and is in search of the nervous mechanisms by which they are sustained and controlled. 
If he has failed to find them, at least he is steering in the right direction. 

Tt is clear from this book that its author has made a sensitive and intelligent response 
to the major intellectual currents of his time. Although he clearly pins his ultimate 
faith on neurophysiology, he has learnt much from clinical neurology and neurosurgery, 
experimental and comparative psychology, and shrewd observations of animals and man 
in daily life. The only intellectual influence which has completely passed him by is 
that of Freud. In many, of course, this would be an advantage but in Hebb’s case it 
is something of a limitation. His treatment of emotion, and indeed psychopathology 
in general, would assuredly gain from a determined attempt to come to grips with the 
Freudian position. Apart from this qualification (which may well be personal to the 
present reviewer), there is little in the book to which exception might be taken. One is 
struck, it is true, by a certain naiveté and by a tendency at times for enthusiasm to ee 
discretion. This is most clearly shown in the overwhelming importance attache p 
von Senden's study of the restoration of vision in operated cases of congenital pape 
Much of the material assembled by von Senden is generally regarded as somewhat suspec 
and unsuitable as a basis for broad theoretical generalizations. One may comment, 
too, that the organization of the book is somewhat slap-dash and at times the argument 
becomes extremely difficult to follow. This may deter readers accustomed to the ordered 
“phase-sequence”’ of a scientific text. None the less, these are faults inseparable from 
constructive endeavour and merit the reader's indulgence. Hebb’s book reflects a most 
creditable attempt to subdue the nervous system conceived as the instrument of behaviour, 
and to state points of view which at all events do not openly conflict with the facts 
disclosed by modern neurophysiology. In the present unhappy state of er 


psychology this is no mean achievement. . 
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